Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


TY     LIBRARJES     .   STANFORD     UNIVERSITY     LIBRA 


lES    .    STANFORD  UNIVERSITY 


LIBRARIES        STAN 


.RD     UNIVERSITY    LIBRARIES  STANFORD     UNIVEI 


NFORD    UNIVERSITY   LIBRARIES     STANFORD 


VERSITY 


LIBRARfES         STANFi 


°"°UNIVERSm 


RARIES        STANFORD    UNIVERSITY  LIBRARIES 


'•^K 


The  Branner  Geological  Library 


1^^ 


i^ia 


V 


THE 


AMERICAN  JOURNAL 

OF 

SCIENCE  AND  ARTS. 


EDITOB8   AXD   PBOPBIBTOBS, 

JAMES  D.  DANA,  B.  SILLIMAN,  and  E.  S.  DANA. 


ASSOCIATK   KDITOB8, 

Pbofbssobs  ASA  GRAY  and  WOLCOTT  GffiBS, 

OF  CAICBRIDOE, 

PBOFB880R8  H,  A.  NEWTON,  a  W.  JOHNJJDN, 
GEO.  J.  BRUSH  AND  A,  K  VERRIL] 

OF  NEW  HAVEN, 

Pbofbssob  EDWARD  C.  PICEJ9UNG,  OFHbsroir. 


THIBD    SEBIES. 

VOL.  Xn.-[ WHOLE  NITMIJKK,  (\^L] 

JULY  TO  DECEMBER,  1876. 

WITH  riVK  PLATES. 


-••I'    '.  "i         .       ;».      •     •-    .."-»» 


NEW  HAVEN:  EDITORS. 

1876. 


) 


> ' 


253571 


• . 


TUTTLE,   M0BEH0U8K   A  TATLOB,   PBINTBB8. 


CONTEI^TS    OF   VOLUME    XII. 


NUMBER   LXVII. 

Art.  I. — Contributions  to  Meteorology,  being  results  derived 
from  an  examination  of  the  Observations  of  the  U.  S.  Sig- 
nal Service,  and  from  other  sources ;  b^  Elias  Loomis,.  .       1 
IL — The  Colorado  Plateau  Province  as  a  Field  for  Geological 

Study  ;  by  G.  K.  Gilbbbt, 16 

IIL — Notices  of  Recent  American  Earthquakes;   by  C.  G. 

RocKwooD,  Jr., 25 

IV. — On  Roscoelite,  a  Vanadium  Mica;  by  J.  Blake, ;{1 

V. — On  some  American  Vanadium  Minerals;  by  F,  A.  Genth,     32 
VL — On  a  Disease  of  Olive  and  Orange  Trees,  occurring  in 
California  in  the  Spring  and  Summer  of  19 76 ;  by  W.  G. 

Fablow, - 37 

VII. — On  the  Reaction  of  "Sulphuric  Acid  upon  Tri-calcic 

Phosphate ;  by  H.  P.  Armsby, 46 

VIIL— Dr.  Vogel's  Color  Theory ;  by  M.  C.  Lea, 48 

IX. — On  a  new  Crinoid  from  the  Cretaceous  formation  of  the 

West ;  by  G.  B.  Grinnell, 81 

SCIENTIFIC  INTELLIGENCE. 

Chemi8try  and  Phynce.— True  Ethyl  Sulphate,  Mazurowska.  50. — Anthraflavic 
and  Isoanthraflavic  acids,  Sghukk  and  Roeher:  Sulphonaphthalide,  Cleye: 
Evolution  of  Hydrogen  by  the  action  of  Zinc  upon  neutral  Copper  sulphate,  L. 
Meter,  51. — Decomposition  of  Ammonium  nitrate  by  heat,  Berthelot,  52. — 
Metallic  Cerium,  Lanthanum,  and  Didymium,  Drs.  Hillebrakd  and  Norton  : 
Gentirin,  Hlasiwbts  and  Ha  Hermann.  53. — The  mUky  juice  of  an  Asclepiad, 
Cynaodium  aoutum,  Butlbrow  :  Amidines  of  Monobasic  Adds,  Bernthsen,  54. 
— Fermentation,  P.  Schuteb.nberger,  55. — Liquid  Films,  Dr.  Sondbauss:  Law 
of  Refraction,  Foster,  56. — Magnifying  Glass,  J.  Browning  :  New  Electro-mag- 
net, M.  V.  SkrriN,  57. — Electro-magnetic  Rotations.  W.  Spottiswoode,  58. 

(kology  and  Mineralogy. — Recent  Discoveries  of  Extinct  Mammals  by  Professor 
Marsh,  59. — Report  upon  Geographical  and  Greological  Explorations  and  Surveys 
west  of  the  lOditi  Meridian,  61. — Historical  Sketch  of  G^olotrical  Explorations  in 
Pennsylyania  and  other  States:  Second  Annual  Report  of  the  Geological  and 
Agricultural  Survey  of  Texas,  63. — Primordial  of  Scandinavia :  Glacial  flcwd,  64. — 
Ice  Age  in  Great  Britain :  Qeoiogy  of  Spitzbergen,  65. — The  Coal  Eras  of  India, 
aod  a  Permian  or  Tria!*sic  Glacial  Peri(xi,  67. — Graptolites:  Region  of  eruptiTe 
rocks  of  the  District  of  Schemnitz,  Hungary:  Volcanic  Phenomena  of  the  Alps. 
69. — ReliquisB  Aquitanicse:  Dalmanites  dentata,  by  Dr.  S.  T.  Barrett,  70. — 
Note  by  Dr.  Hayden,  on  the  ore-bearing  rocks  of  Colorado :  Greology  of  Sumatra : 
Report  of  the  Geology  of  Wisconsin :  Cfeology  for  Students  and  General  Readers: 
Bulletin  of  the  U.  S.  National  Museum,  71.— -Chemisch-genetische  Beobachtungen 
ilber  Dolomit:  Pittsburgh  Meteoric  Iron,  F.  A.  Gbnth,  72. 

Bc4any  and  Zoology. — ^TrcHd-Planting,  Prizes  for  Arboriculture,  73. — Heteromorph- 
ism  in  Epigsea,  74. — Essay  on  the  Immigration  of  the  Norwegian  Flora  during 
alternating  Rainy  and  Dry  Periods,  76. — Genera  Plantarum,  77. — Botany  of  Cal- 
ifornia, 78.— Quarterly  Bulletin  of  the  Nuttall  Omithologioal  Club,  79. 


IV  CONTENTS. 

ABtnmomy. — Astronomical  Tables,  comprising  logarithms  fVom  3  to  100  places,  79. 

Miacellaneaua  Scientyic  InteXUgmce, — Probability  of  error  in  writing  a  series  of  num- 
bers, 79. — Record  of  Science  and  Industry  for  1875 :  Report  of  the  British  As- 
sociation for  1874:  Elements  of  Physical  G^graphy :  Transactions  of  the  Ckm- 
necticut  Academy,  Vol.  Ill,  Part  I,  80.     06tYiMiry.— Angehn :  E.  Billings,  80. 


NUMBER  LXVni. 

Page 

Art.  X. — The  Colorado  Plateau  Province  as  a  Field  for  Geo- 
logical Study ;  by  G.  K.  Gilbert, _ 86 

XI. — Note  on  the  development  and  homologies  of  the  anterior 

brain-mass  with  Sharks  and  Skates;  by  B.  G.  Wilder,.   103 

XIL — New  form  of  Compensating  Pendulum ;  by  J.  L.  Smith,  106 

Xn. — Aragonite  on  the  surface  of  a  meteoric  iron,  and  a  new 
mineral  (Daubr6elite)  in  the  concretions  of  the  interior 
of  the  same ;  by  J.  L.  Smith, 107 

XIV. — On  some  of  the  changes  in  the  Physical  Properties  of 
Steel,  produced  by  Tempering;  by  A.  S.  Kimball, 110 

XV. — A  Glass  circle  for  the  measurement  of  Angles ;  by  L.  M. 

RUTHBRPUED,  _• 112 

XVI. — Friedrich  Wilhelm  August  Argelander, 113 

XVIL — On  Dinitroparadibrombenzols  and  their  Derivatives ; 

by  P.  T.  AusTKN, 118 

XVIII. — On  a  New  Formation  of  Dinitroaniline,  and  some 

Reactions  of  Dinitrobrombenzol ;  by  P.  T.  Austen, 121 

XIX. — On  Southern  New  England  during  the  melting  of  the 

Great  Glacier,  Appendix ;  by  J.  D.  Dana, 126 

XX. — The  Greenstones  of  New  Hampshire  and  their  organic 

remains ;  by  G.  W.  Hawes.     With  plate  V, 129 

scientific  intelligence. 

Chemistry  and  Phynes. — Constitution  of  Naphthalene,  Wreden:  Conversion  of 
normal  into  iso-butjric  acid,  Erlenheyeb,  IBS. — Influence  of  Asparagin  on  Sac- 
charimetry,  Champion  and  Pellet  :  Alkaloid  Aricine  and  some  related  bodies, 
Hesse:  Analysis  of  Mixed  Liquids,  Slbmens,  139. — Yiscositj  of  Salt-Solutions, 
Gbotbian  :  Viscosity  of  Gases,  140. — Simiiltaneous  Sounding  of  two  Notes,  141. 

Geology  and  Mineralogy. — Critical  Observations  on  Theories  of  the  Earth's  physical 
evolution,  C.  E.  Dutton,  142. — ^A  Report  on  the  Invertebrate  Cretaceous  and 
Tertiary  Fossils  of  the  Upper  MiRsouri  Country.  F.  B.  Meek,  145. — Shower  of 
Volcanic  Dust  over  Scandinavia:  Carrara  Marbles:  Markings  supposed  to  have 
been  made  by  man  with  stone  implements  on  bones  of  a  Balseuotus  of  the  Lower 
Pliocene  of  the  valley  of  Fine,  Italy :  Serpentine  and  Eozoon,  14*7. — Experiments 
on  Schistosity  in  rocks,  M.  Daubb^e,  148. — Natural  History  Society  of  Minne- 
sota, 4th  Annual  Report:  Revue  de  G^logie:  McCoy,  Paleontology  of  Victoria  : 
Report  on  the  Survey  of  a  line  to  connect  the  waters  of  the  Neuse  and  Cape  Fear 
River  in  North  Carolina,  149. — Mines  and  Mineral  Statistics  of  New  South  Wales : 
Minerals  of  the  thermal  spring  at  Bourbonne-les-Bains,  150. — ^Inclusions  in  Gems  : 
Geological  Map  of  Europe:  Ihleite,  Friedelite:  Analcite  not  isometric,  151. — 
Angewandte  Krystallographie,  von  A.  Sauebeck:  New  Journal  devoted  to 
Mineralogy  and  Crystallog^phy,  152. 

Botany  and  Zoology. — The  Oaks  of  the  United  States,  by  Dr.  G.  Enoelmann,  1 53. — 
M.  Gristave-Adolphe  Thuret,  Equisse  Biographique,  par  M.  Ed.  Bornbt,  155. — 
Fragpnenta  PhytographisQ  Australise,  contulit  Liber  B^  Fr.  de  Mueller  :  Flora 
Brasfliensis,  edL  Aug.  Guil.  Eichlsb:  The  Forest,  Products  of  Michigan  at  the 


CONTENTS.  V 

Centennial  Expontion,  by  J.  W.  Beal:  Contribution  to  the  Flora  of  Iowa,  by 
G.  C.  Abthub:  Locust  invasioo  of  1874, 156. — Monograph  of  the  Greometric  Moths, 
by  A.  S.  Packard,  157. — Tabulate  Corals:  Haflnesque's  Ichthyologia  Ohiensis, 
D.  Sw  JoBDAN :  Synopsis  of  American  Wasps,  by  H.  de  Saussure  :  Ophiuridie 
And  Ajitrophvtidffi,  T.  Ltman:  Bulletin  of  the  U.  S.  National  Museum.  158. 
MiaeeUameoua  SderUijfic  Jnielligene^—Ooesinic  Circulation,  Wk.  B.  Carpenter,  159. 
— Reclamation :  Men  of  Science,  from  abroad,  at  the  U.  S.  International  Exhibi- 
tioD,  1 61. — Connection  of  the  Caspian  and  Black  Seus:  Geographical  Survey  of  the 
State  ofN.  T.,  162. — Appalachia:  Am.  Association  for  1876:  Physical  Geography, 
by  K  J.  Houston  :  Proceedings  of  the  Poughkeepsie  Society  of  Natural  ^ienoe : 
Kanias  Academy  of  Science,  163. — hkl,  164.     OtfUuaty — Porter  Poinier,  164. 


NUMBER  LXIX. 

Picre 
Art.  XXL  — Gases  contained  in  Meteorites;  by  A.  W.  Wright,  166 

XXII. — Schoenbein's  Test  for  Nitrates;  by  F.  H.  Storkr,  ..   176 
XX TIL — Note  on  the  double  decomposition  of  Potassic  Bro- 
mide and  Sodic  Chloride;  by  J.  H.  Bill, 190 

XXIV. — Note  on  Erosion ;  by  Jamks  D.  Dana, 192 

XXV. — Classified  list  of  Rocks  observed  in  the  Huronian 

Series,  south  of  Lake  Superior ;  by  T.  B.  Brooks, 194 

XXVI. — Seventh  Catalogue  of  new  Double  Stars ;  by  S.  W. 

BURNUAM, 204 

XX  VIL — Account  of  a  new  Meteoric  Stone ;  by  J.  L.  Smith,  207 
XXVIII. — Five  new  Variables,  and  a  new  Planet,  found  at 
the  Litchfield  Observatory  of  Hamilton  College;  by  C. 

H.  F.  Peters,  .._ 210 

XXIX. — On  the  Relation  of  Franklinite  to  the  Spinel  Group 

of  Minerals;  by  George  H.  Seyms, 210 

SCIRNTIPIC  INTKLLIGKNCE. 

Chemistry  and  Physics. — Thermic  formation  of  Ozone,  Bebthblot,  2 1 2. — Hydrogen 
antiuionide  or  Stibine :  Compounds  of  Coliimbium  and  Tai^talum  with  Nitrogen 
and  with  Carbon,  Jolt,  213.— New  mode  of  effecting  the  subsiitution  of  Chlorine 
or  Bromine  in  Organic  Compounds,  Dahoiseau:  Physical  Isomerism,  Lauben- 
H£IXEB,  214. — Synthesis  of  Allan toin,  Grimauz:  High  Pressure  Manometer,  M. 
L.  Cailletet,  215. — Waves  on  Lake  Geneva,  Forbl,  216. — Friction  of  the  Ether, 
W.  M.  lliOKS:  Specific  Heat  of  Gase**,  M.  M.  Kukdt  and  Wabbubg,  217. 

Geology  and  Mineralogy. — Geological  Survey  of  Canada,  A.  R.  C.  Selwyn,  218. — 
Geological  and  Geographical  Survey  of  the  Territories,  F.  V.  Hatden.  219. — 
Beport  of  the  Exploring  Expedition  from  Santa  F^  New  Mexico.  J.  N.  Macomb, 
220. — Report  of  Explorations  across  the  Great  Basin  of  the  Territory  of  Utah, 
J.  II.  Simpson:  Fosal  marine  plants  from  the  Coal  measures,  Lesquebeux,  221. 
— Remarks  on  F<*88il8  from  the  Ash'ey  Phosphate  Bedu,  Leidt,  222. — Fish  Re* 
mains  of  the  Mesozoic  Red  Shales.  Leidy  :  Rhsetic  Strata  of  the  Val  di  Ledro,  in 
the  Southern  Tyrol,  T.  N.  Dale,  Jr. :  Mammalia  and  Traces  of  Man  found  in  the 
Robin-Hood  Cave,  W.  Boyd  Dawkixs,  223.— Evidences  of  Theriodonts  in  Per- 
mian Deposits  elsewhere  than  in  South  Africa,  R.  Owen,  224.— Silurian  dioryie, 
chlorite,  slate  and  serpentine  in  Newfoundland,  226. — Oldhamia  in  Wisconsin : 
Reef-building  corals  in  the  Tasmanian  Tertiary:  Carboniferous  Pulmonates,  226. 
— Brachiopode  of  the  Swedish  Paradoxides  beds  of  Sweden :  Geological  Survey 
of  Brazil :  Greological  Map  of  Illinois :  Report  on  the  Chemical,  Mineraiogical  and 
Microaoopical  characters  of  the  Lavas  of  Vesuvius,  S.  Hauqhton  and  E.  Hull, 
227. — Crystallographic  relations  of  the  three  types  of  Chondrodite.  M.  DesCloi- 
ZBAUZ.  22d. — Die  Mineralien  Badens  nach  ihrem  Vorkommen,  G.  Leonhabd, 


VI  CONTENTS. 

230. — Studien  fiber  ICmeral-Pseudomorphoeen,  F.  E.  Okikitz:  New  Minerals, 
G.  U.  Shbpabd,  231. 

Bakmy  and  Zoology, — Structure  and  Movements  of  the  Leaves  of  Dioniea  musci- 
puk,  Cabixib  Dk  Oandollb:  Diatoms  in  Wheat-straw,  232. — An  intoxicating 
Grass:  Primitise  Mouographiw  Rosarum,  M.  Gr^ut:  Does  the  Age  of  a  tree  in- 
fluence the  time  of  leafiog,  233. — Practical  Botany,  by  A.  Eoshlbb:  Flora  of 
Southwestern  Colorado,  T.  S.  Brandboeb,  234. — Darwiniana,  A.  Gray,  235. — 
Note  on  Gigantic  Gephalopods,  A.  E.  VBRRnJi.  236. — Comparative  Zoology,  by 
J.  Obton,  237. — Geographical  Variation  among  North  American  Mammals,  J.  A. 
Allen,  238. — Archives  do  Museu  Naciooal  do  Rio  de  Janeiro :  Etudes  sur  les 
Echinoid^es,  S.  Lovbn  :  Bulletin  of  the  U.  S.  National  Museum :  Natural  His- 
tory of  Kerguelen  Island,  J.  H.  Kiddeb,  239. 

Miadxtaneow  SdenHfic  IrUeUiv:ence. — Elements  of  Physical  Manipulation,  by  E.  C. 
PiCKEBiNO,  240.  —  Mechanical  Theory  of  Heat,  etc.,  by  R.  S.  McCulloch: 
Theory  of  Ventilation,  Fbanoois  de  Chauiiont,  241. — Ninth  Annual  Report 
of  the  Trusteed  of  the  Peabody  Museum  of  American  Archaeology  and  Ethnology, 
243. — Obituary. — Professor  McCheeuey :  Edward  Newman :  Ehrenberg. 


NUMBER  LXX. 

Art.  XXX.— On  Cephalization ;  by  J.  D.  Dana.  Part  V. 
CephalizatioD  a  fundamental  principle  in  the  Develop- 
ment of  the  System  of  Animal  Life, 245 

XXX I. — Electro-magnetic  Machine  constructed  at  the  Cornell 

University  workshop ;  by  Wm.  A.  Anthony, 261 

XXXII. — Sea-bottom  Deposits  observed  during  the  Cruise  of 
the  Challenger ;  by  John  Murray, 256 

XXXin. — Gmeliuite  from  Nova  Scotia  ;  by  A.  B.  Howe,  ..  270 

XXXIV. — Occurrence  of  Durangite  in  the  tin-bearing  region 

of  Durango,  Mexico ;  by  Hknry  G.  Hanks, 274' 

XXXV. — Occurrence  of  Grahamite  in  the  Huasteca,  Mex- 
ico, and  Notice  of  the  Geology  of  that  region ;  by  James 
P.  Kimball, 277' 

XXX  VI.—"  Geological  Chart  of  the  United  States  east  of  the 

Rocky  Mountains,  and  of  Canada  ;^^  by  F.  H.  Bradley,  286 

XXXVIL — Observations  upon  the  latest  Planetoids;  by 
C.  H.  F.  Peters, .  291 

SCIENTIFIC  INTELLIGENCE. 

Chemistry  and  Physics. — Estimation  of  Nitrogen  in  Potable  Waters,  Fbankland  : 
Absorption  of  Nitrogen  by  Organic  substances,  Bebthblot,  292. — Action  of  the 
Copper-zinc  Couple  on  Chlorates  and  Perohlorates,  Eooles  :  Supposed  shifting 
of  Atoms,  Demolb:  Crystallized  Glycerine,  Van  Hamel  Rocs,  293. — Lactic  add 
obtained  from  Inosite.  Vohl:  Synthesis  of  Polybasic  Adds  by  the  action  of  Car- 
bon dioxide  on  Salicylic  acid,  Osr :  Freezing  of  Colloids,  Prof.  Quthbib,  294. — 
Explosion  of  Fire  Damp,  Mallard  :  Yelodty  of  Electridty,  W.  Siemens,  295. — 
Polarization  Currents,  Sohiller  and  Callbt:  Magnetic  Induction,  Chwolson  : 
Constants  of  Nature,  296. 

Otology  and  Mineralogy. — Age  of  the  Vertebrate  Fauna  of  the  Eocene  of  New 
Mexico,  Prof.  Cope,  297.-— Geological  position  of  the  Serpentine  Limestone  of 
Northern  New  York,  J.  Hall,  298. — Geology  of  the  Southern  Counties  of  New 
York  and  ac^aoent  parts  of  PennsylTania,  J.  Hall,  300. — Erosion  of  Rocks,  E. 
B.  Andrews,  304.— Geology  of  the  Eastern  portion  of  the  Uintah  Mts.,  J.  W. 
Powell,  305. — Gigantic  Bird  from  the  Eocene  of  New  Mexico,  Prof.  Cope,  306. 
— ^Fifth  Annual  Report  of  the  Geological  Surrey  of  Indiana  made  during  the 


CONTENTS.  Vll 

year  1813,  E.  T.  Cox,  307. — ^Foesil  Plants  of  the  Coal-measures  of  Terrera,  in  the 
Atacama  district,  Chili,  308. 

Bokmff  and  Zooio^.— Sensitiye  Stigmas  as  an  aid  to  cross-fertilization  of  Flowers, 
W.  J.  Beal,  308.— On  the  theory  of  Evolution,  Prof.  Copb.  309.~Mimicrj  in 
Butterflies  explained  by  Natural  Selection,  S.  H.  Souddbb,  311. — A  Preliminary 
Note  on  Mmopoma  Atteghanienns  uf  Harlan,  A.  R.  Grots,  313. — ^The  Entomolog- 
ical Section  of  the  American  Association,  BufiEalo,  N.  Y.,  Address  of  Dr.  LkConte, 
314. — .Manual  of  the  Vertebrates  of  the  Northern  United  States,  D.  S.  Jobdan, 
315. — ^The  Five  Senses  of  Man,  J.  Bbrnbteik,  316. 

MtMcOaneous  Seien^fic  /fUeO^efsee.— Fall  of  a  Meteorite  in  Kansas  City,  Missouri, 
in  June.  1876,  J.  D.  Pabksb:  American  Association  for  the  Advancement  of 
Science,  at  Buffalo,  N.  Y.,  316. — Geographical  Distribution  of  Plants  and  Animals, 
C.  PiCKERiKG :  Proceedings  of  the  Davenport  Academy  of  Natural  Sciences,  320. 
— ObOuary.-^Ebenezer  S.  Snell:  Prof.  Charles  Davies,  320. 


NUMBER  LXXL 

Pace 

Abt.  XXXVIII. — Observations  on  the  Displacement  of  lines 
in  the  Solar  Spectrum  caused  by  the  Snu^s  rotation  ;  by 
C.  A.  Young,. 321 

XXXIX. — ^Researches  in  Acoustics ;  by  Alfred  M.  Matbb,  329 

XL. — Address  at  the  Glasgow  Meeting  of  the  British  Asso- 
ciation; by  SiE  William  Thomson, 336 

XLI. — Address  at  the  Glasgow  Meeting  of  the  British  Asso- 
ciation ;  by  Alfred  Russell  Wallace, 364 

XLIL — Notice  of  new  Tertiary  Manmials ;  by  O.  C.  Marsh,  401 

8CIENTIFI0  intelligence. 

Chemistry  and  Physiea. — On  the  Pjrogenic  Hydrocarbons  in  Coal  Gas,  Bkrthblot, 
886. — Occurrence  of  Benzene  m  Rosin  OU,  Watson  Skith,  386. — On  the  Con- 
stitution of  the  Benzene  Derivatives,  Wbobuewsky,  387. — On  the  Action  of 
Malt-extract  on  Starch,  0*Sullivan:  Detection  of  Carbamic  acid  in  Animal 
fluids.  HoFMEiSTEB :  Friction  of  Gases,  M.  Wiedemann,  388. — Effect  of  Sound 
on  the  Radiometer,  M.  Jeaknel,  389. — ^Fusion  of  Soft  Bodies.  M.  Pfaundlbb  : 
Friction  of  Gases,  Kundt  :  On  the  Electro-magnetic  action  of  Electric  Convec- 
tion ;  by  Dr.  Helmholtz,  390. 

Otology  and  Mineralogy, — Note  on  specimens  of  Metadiabase  from  Connecticut 
Lake,  collected  by  G.  W.  Hawes,  J.  W.  Dawson:  On  Streams  of  Water 
beneath  Glaciers,  Charles  Knioht:  Quinto  Apendice  al  reino  mineral  de  Chili 
i  de  las  Republicas  vecinas  publicado  en  la  seg^ndo  edicion  de  la  Mineralojia 
de  don  Igvacio  Domeyko,  395. 

Bokmy. — Flora  of  British  India,  by  J.  D.  Hooker:  Compositse  Indicse  descriptee 
et  secufi  Genera  Benthaifiii  ordinatee,  A.  B.  Clarke  :  Proceedings  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  24-th  meeting,  1876,  39*7. — 

WaaUaneota  Scientific  InleUigence.—FTot.  Huxley  in  New  York:  The  Eighth 
Annual  Report  of  the  Department  of  Marine  and  Fisheries  of  Canada,  399. — 
British  Association :  Diatoms  in  Wheat  Straw,  400. 


NUMBER   LXXII. 

Page 

Art.  XLIIL — Experiments  on  the  nature  of  the  force  in- 
volved in  Crookes' Radiometer ;  by  O.  N.  Rood, 405 

XLIV. — Experiments  on  the  Sympathetic  Resonance  of 
Tuning  Forks ;  by  Robert  Spice, 411 


▼Ill  CONTENTS. 

Page 

XLV. — ^Types  of  Orosrraphic  Structure;  by  J.  W.  Powell,  414 

XLVr.— On  the  Ethers  of  Uric  Acid;  by  H.  B.  Hill, 428 

XLVII. — Notice  of  a  Meteorite,  from  Madison  Co.,  N.  C. ; 

by  B.  S.  Burton, 489 

XLVlII. — On  a  Recent  Discovery  of  Carboniferous  Batra- 

chians  in  Nova  Scotia ;  by  J.  W.  Dawson, 440 

XLIX. — On  the  association  of  crystals  of  Quartz  and  Calcite 

in  parallel  position,  as  observed  on  a  specimen  from  the 

Yellowstone  Park ;  by  Edward  S.  Dana, 448 

L. — Principal  Characters  of  the  American  Pterodactvls ;  by 

O.  C.  Marsh, 1 479 

SCIENTIFIC  INTELLIGKNCE. 

Chemistry  and  Physics. — On  the  size  of  Hydrogen  Atoms,  Ankadeim  :  On  the 
Atomic  Weight  of  Selenium,  Petebsson  and  Ekhan,  451. — Nitrogen-measur- 
ing Tube,  ZuLKOWSKY :  On  the  Physical  properties  of  Gallium,  Boisbaudbak, 
452. — New  Yapor-density  method  for  substances  of  high  boiling-points,  Yiotob 
Metbb  :  On  Glycero  phosphoric  acid  from  Brain  Tissue,  Thudichuv  and  Kino- 
ZSTT,  453. — Chemistry,  General,  Medical,  and  Pharmaceutical,  including  the 
Chemistry  of  the  U.  S.  Pharmacopoeias,  John  Attfield  :  A  Systematic  Hand- 
book of  Volumetric  Analysis,  etc.,  Francis  Sutton  :  Chemia  Coartata,  or  the 
Key  to  Modem  Chemistry,  A.  H.  Kollmyeb,  454. — Lissajous'  Curves,  M.  Mer- 
OADIBR :  Mechanical  Equivalent  of  Heat:  Ohm's  Law,  Maxwell,  455. — Pro- 
tection of  Buildings  from  Lightning,  Maxwell:  On  the  Tidal  Retardation 
Argument  for  the  Age  of  the  Earth,  James  Croll,  457. — Sound,  John  Ttndall  : 
Ansichten  ubor  die  gepaarten  Schwefelverbindungen,  George  A.  Smtth,  459. 

Geology  and  Mineralogy. — Report  on  the  Geological  Map  of  Massachusetts,  W.  0. 
Crosby,  459. — Geological  Survey  of  Indiana,  Seventh  Annual  Report,  made 
during  the  year  1875,  E.  T.  Cox,  460. — Geological  Map  of  Scotland,  Archibald 
Geikis  :  Huronian  of  Canada,  A.  R.  C.  Selwyn  :  Geological  Survey  of  Michi- 
gaa,  C.  RoniNGER,  461. — Memoirs  of  the  Geological  Survey  of  India :  Detritus 
of  Rivers,  462. — Mallet's  Theory  of  Volcanic  Energy :  Geological  reunion  at  the 
Paris  Exposition  in  1878,  463.— Recent  Discoveries  of  the  Brazilian  Geological 
Commission,  464. — ^New  Minerals:  The  "  Mexican  Onyx,"  466. 

Botany  and  Zoology. — Relation  of  Coloration  to  Environment :  Subradical  solitary 
Flowers  in  Scirpus,  477. — Dictionnaire  de  Botanique,  M.  H.  Baillon:  Nuovo 
Giornale  Botanico  Italiano  diretto  du  T.  Caruel:  Flora  Orientalis,  auctore 
Edmond  Boissier,  463. — On  the  Barringtoniacete,  John  Miers  :  A  Catalogue 
of  the  Forest  Trees  of  the  United  States,  Geo.  Yasey  :  Morphology  of  the 
Oarpellary  Scales  of  Coniferae,  469.  —Species,  Genera,  et  Ordines  Alganim,  J.  G. 
AOARDH,  470.— Notes  Algologiques,  M.  M.  Ed.  Bornet  et  G.  Thuret,  471.— 
Nuttall  Ornithological  Club :  A  Course  of  Practical  Instruction  in  Elementary 
Biology,  T.  H.  Huxley  and  H.  N.  Martin  :  On  Casting  the  skin  in  Menopoma 
Alleghaniense,  A.  R.  Grote,  472. 

Astronomy. — Intra-Morcurial  Planet,  472. — November  Meteors,  473. 

Miscellaneous  Scientific  Jntdligence. — On  the  Extirpation  of  Species,  Alfred  New- 
ton, 473. — Papers  read  at  the  session  of  the  National  Academy  of  Sciences  held 
at  Philadelphia,  476.— Proceedings  of  the  Cincinnati  Society  of  Natural  History : 
The  Scientific  Monthly:  The  Universal  Metric  System,  Andrew  Coun,  477. — 
Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences,  for  the  year  1875, 
N.  H.  WiNOHELL :  Arrangements  for  a  Meeting  of  the  British  Association,  478. — 
0&f(uary.— Charles  Sainte-Claire  Deville,  478. 


Errata. — On  page  459,  20th  line  from  foot,  for  Amherst,  road  Andovsr. 


THE 


AMERICAN 


JOURNAL  OF  SCIENCE  AND  ARTS. 


[THIRD    SERIES.] 


Art,  L — Qyiitributions  to  Meteorology,  being  Results  derived  from 
aw  examination  of  the  Observations  of  the  United  States  Signal 
Service,  and  from  other  sources  ;  by  Elias  Loomis,  Professor 
of  Natural  Philosophy  in  Yale  Collega  Fifth  paper.  With 
plates  I  and  ii. 

[Bead  before  the  National  Academy  of  ScienceSi  Washington,  April  19,  1876.] 

Low  temperature  of  December,  1872. 

In  my  second  paper  (this  Jour.,  vol.  ix,  p.  8)  I  called  atten- 
tion to  the  unusually  low  temperature  of  the  latter  part  of  the 
month  of  December,  1872.  At  that  time  I  had  little  informa- 
tion upon  this  subject  except  what  could  be  derived  from  the 
daily  weather  maps,  and  these  were  unsatisfactory  because  the 
tel^raphic  reports  had  failed  from  a  large  number  of  the  most 
important  stations.  As  the  observations  of  the  Signal  Service 
have  since  been  published  in  full,  the  phenomena  of  that  period 
can  now  be  discussed  more  satisfactonly. 

The  temperature  of  December,  1872,  in  the  United  States, 
was  not  remarkably  low  until  about  the  middle  of  the  month. 
On  the  morning  of  December  16th  the  sky  was  overcast  from 
Lake  Michigan  to  Lake  Ontario,  and  there  were  indications  of 
the  formation  of  an  area  of  low  barometer  in  that  vicinity.  At 
this  time  there  was  an  area  of  high  barometer  central  over  Da- 
kota, where  the  highest  pressure  was  30*51,  and  there  was  a  cold 
area  nearly  concentric  with  it,  the  greatest  depression  being  26® 
below  the  mean  temperature  of  December.  By  4  P.  M.  an  area 
of  low  barometer  was  developed  which  was  central  over  Buffalo 
(bar.  29*77),  accompanied  by  light  snow  and  rain,  and  at  11  p.  M. 
this  area  had  reached  the  Atlantic  coast 

On  the  morning  of  the  17th  the  high  pressure  from  Dakota 
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had  moved  southeastward  and  was  central  over  Cincinnati  (bar. 
80*44\  The  temperature  throughout  this  vicinity  was  15°  be- 
low tne  mean  of  iJecember.  At  the  same  time  another  center 
of  high  pressure  appeared  near  the  northern  line  of  Dakota,  where 
the  barometer  was  80*89,  and  temperature  25°  below  the  mean. 
On  the  morning  of  the  18th  the  pressure  in  Dakota  had  risen  to 
80*64,  with  a  temperature  44°  below  the  mean.  During  the  18th 
this  area  of  high  barometer  stretched  out  towards  the  southeast, 
and  on  the  morning  of  the  19th  this  high  pressure  extended, 
like  a  ridge,  from  the  north  line  of  Dakota  to  the  Atlantic  coa^ 
near  Cape  May,  where  the  pressure  was  80'62.  The  greatest 
depression  of  temperature  was,  however,  west  of  Lake  Huron, 
from  which  region  the  cold  area  extended  to  the  Rocky  Moun- 
tains. At  the  same  time  a  storm,  proceeding  from  Texas,  ad- 
vanced towards  the  northeast,  and  on  the  morning  of  the  20th 
was  central  over  Lake  Ontario  (bar.  29*48).  By  this  storm  the 
high  pressure  of  the  19th  was  crowded  towards  the  northeast, 
and  the  temperature  rose  throughout  the  storm  area ;  but  at  the 
same  time  a  new  area  of  high  barometer  formed  in  Dakota  (bar. 
80*87),  and  the  thermometer  sunk  84°  below  the  mean.  During 
the  20th  this  area  of  high  pressure  moved  southward,  and  on 
the  morning  of  the  21st  its  center  was  near  lat.  42°,  and  the 
pressure  had  increased  to  80*72.  The  cold  had  now  become 
very  intense,  and  extended  over  a  vast  area,  the  greatest  depres- 
sion being  41°  below  the  mean,  and  the  area  of  80°  depression 
stretched  from  the  Rocky  Mountains  to  Lake  Michigan,  a  dis- 
tance of  1,500  mile^.  It  extended  southward  to  lat  88°,  and 
northward  beyond  the  limits  of  the  United  States. 

On  the  morning  of  the  22d  an  area  of  low  barometer  formed 
near  the  Rocky  Mountains,  in  Wyoming  (bar.  29*60),  and  the 
area  of  high  barometer  was  crowded  towards  the  southeast,  be- 
ing now  central  over  Cincinnati  (bar.  80*65).  The  cold  area  had 
increased  greatly  in  extent,  advancing  southward  and  eastward. 
It  was  most  intense  at  Port  Stanley,  on  Lake  Erie,  where  the 
depression  was  44° ;  but  the  area  of  20°  depression  extended 
from  the  Gulf  of  Mexico  to  Canada,  and  from  New  York  city 
westward  to  long.  97°. 

The  storm  of  the  22d  advanced  eastward,  and  on  the  morn- 
ing of  the  28d  was  central  over  Lake  Huron.  At  the  same  time 
an  area  of  high  barometer  formed  in  Dakota  and  Minnesota  (bar. 
80*60)  accompanied  by  a  very  low  temperature.  At  La  Crosse 
the  depression  was  39°  below  the  mean,  and  the  area  of  20°  de- 
pression extended  from  Lake  Huron  to  the  Rocky  Mountains, 
and  from  lat  87°  on  the  south  to  British  America  on  the  north. 

On  the  23d  a  storm  center  appeared  in  Oregon,  and  on  the 
morning  of  the  24th  the  barometer  at  Portland,  Oregon,  stood 
at  29*15.    By  this  storm,  the  area  of  high  pressure  and  of  low 
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temperature,  on  the  east  side  of  the  Bockj  Mountains,  was 
crowded  eastward.  On  the  morning  of  the  24th  the  highest 
pressure  was  at  La  Crosse  80*85,  and  the  area  of  80*40  pressure 
extended  from  long.  100°  to  New  York,  and  from  lat.  84^  on 
the  south  to  British  America  on  the  north.  On  Plate  L  are  shown 
the  isobars  for  this  date,  for  each  tenth  of  an  inch  variation  of 
pressura  The  greatest  depression  of  the  thermometer  was  at 
St.  Louis,  45*^  below  the  mean,  and  the  area  of  20°  depression 
extended  from  the  Gulf  of  Mexico  to  British  America,  and  from 
long.  102°  to  Nova  Scotia.  On  Plate  U.  are  drawn  curves,  at 
intervals  of  5°,  showing  how  much  the  temperature  at  each 
place  was  above  or  below  the  mean  temperature  of  December. 

On  the  morning  of  the  25th  the  Oregon  storm  had  crossed 
the  Rocky  Mountains,  and  had  crowded  the  high  pressure  of 
the  24th  still  further  eastward.  The  pressure  was  now  greatest 
over  Lake  Ontario,  30*66.  The  cold  area  still  stretched  from 
Texas  to  Nova  Scotia,  the  depression  being  42°  on  Lake  Onta- 
rio, and  32°  at  Indianola,  on  the  Gulf  of  Mexico.  A  storm 
was  now  organized  over  the  eastern  part  of  the  Gulf  of  Mexico, 
accompani^  with  heavy  rain  in  Florida  and  along  the  Atlantic 
coast,  changing  to  snow  as  it  advanced  northward. 

On  the  morning  of  the  26th  the  center  of  this  storm  was 
over  the  Atlantic  Ocean  near  Norfolk,  Va.  (bar.  29*46).  At 
the  same  time  another  area  of  high  barometer  had  formed 
over  Minnesota  (80*92)  accompanied  by  a  depression  of  the 
thermometer  of  31°.  On  the  morning  of  the  27th  this  area  of 
high  pressure  remained  nearly  unchanged  in  magnitude  and 

Eosition,  but  the  depression  of  the  thermometer  at  several  places 
ad  increased  to  37  .  During  the  27th  the  high  pressure  dimin- 
ished in  amount  and  moved  towards  the  southeast.  On  the 
the  morning  of  the  28th  the  center  of  high  pressure  was  over 
Tennessee  (30*61)  and  the  greatest  depression  of  the  thermome- 
ter was  29°.  Another  storm  center  nad  already  formed  in  the 
northwest,  which  reached  the  Mississippi  valley  on  the  morning 
of  the  29th,  and  now  at  none  of  the  stations  west  of  the  Missis- 
sippi did  the  depression  of  the  thermometer  exceed  16^ 

The  accompanying  table  exhibits  the  observed  changes  of 
temperature  from  Dec.  16  to  Dec  27.  Column  second  shows 
the  mean  temperature  of  December  at  the  stations  named  in 
column  first,  and  the  succeeding  columns  show  the  diflference 
between  the  mean  temperature  of  the  month  and  the  tempera- 
ture observed  each  day  at  7**  35"  A.  M.  At  this  hour  the  tem- 
perature is  about  4°  below  the  mean  temperature  of  the  day,  so 
that  the  numbers  given  in  the  table  should  all  be  increased  by 
about  4°  in  oi*der  to  show  the  depression  below  the  mean  tem- 
perature at  the  hour  of  observation.  The  depressions  mentioned 
m  the  preceding  description  were  all  copied  from  this  table. 
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Obsencaions  of  the  Thermometer  at  "J"  85"  a.m.,  2>ec,  16-27,  1872. 
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-17 
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-  8 
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-33 
-38 
-31 

-3f 

-36 

-10 
-21 
-30 
-33 
-27 

-17 
-27 
-24 
-19 
-13 
-18 
-17 
-31 
-24 
-36 

-18 
-16 
-19 

-37 
-19 

~U 
-23 

-IT 
-19 

0 

-  4 

-  4 
0 

-16 
-11 
-20 

-21 

+  u 
-11 

-29 
-36 
-29 
-29 
-27 
-34 
-29 

-a* 

-24 
-33 
-34 
-38 
-34 
-36 
-27 
-30 
-39 
-29 

-34 
-43 

-36 

-20 

-  5 
-17 

-40 
-27 

-ac 

-41 

-  r 

+    7 
-36 
-26 

-  8 
-19 
-32 

-3( 

-34 
-37 

-  6 
-34 

-37 
-32 
-39 

-  7 
-30 
-33 
-13 

1 13 

:S 

-38 
-34 
-14 
-13 

:S 

-12 
-12 
-19 
-19 
-25 
-15 
-19 
-10 
-33 

-  3 
-17 
-13 

zT. 

+  12 

( 

+  1^ 

-1^ 
-10 

-  8 

-n 

-33 

-37 
-33 
-26 

-21 
-26 
-36 
-38 
-43 
-44 
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-45 
-34 

+  a 

-39 

-  1 

-44 

-32 
-36 
-31 

-  3 
-36 
-41 
-35 
-33 
-10 
-37 

-39 

-  4 

-  1 

-  7 

-24 
-37 

-37 

+    9 

+    8 

0 

+   8 

+  14 
-19 
+    6 
+  19 

-It 

-n 
-ifl 

-36 
-29 
-30 
-16 
-12 

-21 
-27 
-33 
-34 
-38 
-IB 
-29 
-13 
-17 
-17 
-15 
-16 
-19 

-  6 
-26 
-32 
-25 
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-10 
-22 

-19 
+    4 
+    3 

-16 
+   4 

+  a 

-24 
-37 
-33 

-  4 
-26 

+    9 

+   3 
-21 

-11 
-28 
-36 
-23 
-36 
-31 
-30 
-24 
-21 

-18 
-18 
-11 
-23 
-13 
-22 
-19 
-21 
-24 

-  4 

--I 

-10 
-15 
-17 
-16 

-  6 
-20 
-18 
-18 

-  9 
+    1 
-16 
+   3 
-10 
-13 
-24 
-32 
-IS 
-21 

+  11 

+  13 
-32 

+   8 

-38 
-31 
-37 
-37 
-30 
-30 
-33 
-28 
-23 
-37 
-34 
-37 
-28 
-28 
-39 
-33 
-37 
-33 

-  6 
-30 

-  6 

-  4 
-37 
-2B 

-  S 
-33 
-28 
-36 
-24 
-23 
-10 
-20 
-24 

-  6 
-2J 

-  3 
-23 
-33 
-38 
-32 
-36 
-27 
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Above  ob  below  tak  kbak  Tkupkraturb. 

sriTioHa. 

1  1 

1 

1 

1 

i 

3" 

1 

i 

PitlBburg, 

Toronto, 

Sa',"';:;;: 

"WUmington,... 
BochesSr,..-.. 
WaaUngton,... 

Baltimore, 

Onrego, 

SttrtolC  ."'S-'. 
Fbiladelphi*,  .. 
OapeUaj, 

Hew  York,.... 

Montreal, 

Bnrlinglon. .... 
Hew  London,  . . 
MtWaBhiDKkin, 

SS ;;:;:;; 

Portland,  Mo.,  . 
Ealibi, 

31 

i3 

3« 
29 
18 

2S 

35 
28 
■11 
40 
33 

32 

le 

25 
29 

6 
14 
2S 
33 
2G 

—  «l-io 

:i 

-Vi 
z.r-\ 

+  7|— 2 

—  2!—  1 
+    l!+    5 

— nj—  6 

—  9—1 

+  2 

—  6 

—  2 

—  4 

—  6 

—  f 
-\ 

+   4 

t 

+  i 

+  4 

—  6 

—  ^ 
+  1 

—  4 

—  6 

—  3 
— 1* 

+  il  +  n 

— 101  + 14 

—  9  +   9 
-4-3 

—  7;+  9 

-ii-t-  a 

—  l!+  1 

—  1|+   4 

-4I.    0 

—  a  +ie 
-3!+  7 

—  4+10 

—  3't  a 

—  a+  3 

—  !■+    3 

—  S'+    8 

—  e—  1 

—  9;—  2 

—  2'+  a 

+   1;+   6 

+  ll-lfl 

-12—38 
—13—33 

—  81—36 

—  111—30 

—  2]— 15 

-10|— 31 

—  G  — 37 

—  6-20 

—  6-28 

—  1—17 

lib?; 
-pi 

4.    1—14 

—  ij— 16 

-6l+  : 

+  3'-  9 

0—4 

+   9'-  8 

~11 
—11 

-4-11 

-30^26 
—28  -24 
-18-36 
—27  -23 
—  8—19 
-34  —24 
—27  —27 
—34  —21 
—20  —28 
—38—42 
—19—19 
—23  —23 
— 23|— 33 
-21  -24 
—26—32 
—28-^6 
—20  —26 
—26  ^26 

—19—3; 
—21—40 
—16—30 

—16 

—  9 
-34 

—12 
—22 
-20 
-18 
—21 

—U 

—  3 
—24 
-29 
—34 
—2b 
—10 
—34 

-21 
—23 
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—22 
—25 
—21 

—17 
-13 
—31 
—33 
-30 

=s 

-19 
—34 

—la 

-20 
-16 

-24 
—31 

+  a 

-18 
-17 
—13 
—  3 

It  will  be  observed  that  at  the  atationa  on  the  Pacific  coast  the 
depression  was  at  no  time  greater  than  12°;  and  at  Corinne 
the  only  other  station  west  of  the  Rocky  Mountaina  the  great- 
est depreasion  was  22°.  Hence  it  is  obvious  that  the  extreme 
cold  experienced  in  Dakota  did  not  come  from,  beyond  the  Rocky 
Mountains;  certainly  not  from  any  poiot  south  of  lat.  49  , 
Dnring  the  period  in  question,  inteose  cold  uniformly  made  its 
first  appearance  on  the  east  side  of  the  Rocky  Mountains  near 
long.  100°.  It  cannot  be  certainly  decided  from  the  observa- 
tions, in  what  latitude  the  depression  of  the  thermometer  below 
the  mean  was  greatest  The  greatest  observed  depression  was 
not  always  at  the  most  Borthem  station,  which  seems  to  indi- 
cate that  there  was  a  source  of  cold  independent  of  the  transfer 
of  air  from  a  higher  to  a  lower  latitude.  When  a  cold  area 
was  once  formed^  it  exhibited  remarkable  persistence  both  as 
respects  its  form  and  position.  In  its  motion  southward,  it  fol- 
lowed closely  the  eastern  slope  of  the  Bocky  Mountains,  and 
at  one  time  a  depression  01  32"  extended  entirely  across  the 
United  States  from  Canada  to  the  Gulf  of  Mexico  at  Indianola ; 
but  at  Charleston  and  Norfolk  on  the  Atlantic  coast  the  great- 
est depression  was  24° ;  and  generally  at  the  eastern  stations  the 
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{greatest  depression  was  less  than  at  western  stations  in  the  same 
atitude. 

These  results  appear  to  explain  the  facts  mentioned  in  my 
third  paper  (vol.  x,  p.  11)  showing  that  a  great  diurnal  change 
of  temperature  is  most  common  at  stations  near  the  eastern 
slope  01  the  Rocky  Mountains.  The  cold  wave  makes  its  first 
appearance  in  this  region  and  the  intensity  of  the  cold  is  sen- 
sibly diminished  as  the  wave  travels  eastward.  An  example 
illustrating  the  variable  climate  of  the  eastern  slope  of  the 
Rocky  Mountains  occurred  Dec.  24,  1872.  Denver  was  at  that 
time  on  the  borders  of  the  cold  area  which  prevailed  from  the 
Rocky  Mountains  to  Nova  Scotia,  and  during  the  night  of  the 
28d  and  24th  the  thermometer  fell  to  2°.  During  the  24th,  Den- 
ver began  to  feel  the  influence  of  the  storm  which  was  advancing 
from  Oregon,  and  on  that  day  the  thermometer  rose  to  55°, 
showing  a  change  of  58^  in  a  day,  and  probably  the  entire 
change  took  place  in  less  than  24  houra  Similar  cases  must 
frequently  occur  near  the  eastern  slope  of  the  Rocky  Mount- 
ains, and  the  changes  of  temperature  are  more  sudden  here 
than  they  are  near  the  Atlantic  coast,  because  the  cold  which 
succeeds  a  storm  is  more  intense  than  it  is  in  the  eastern 
portions  of  the  United  States. 

It  will  be  noticed  that  from  Dec.  28d  to  Dec.  27th,  the  de- 
pression of  temperature  on  the  summit  of  Mt  Washington  (ele- 
vation 6,285  feet)  was  generally  less  than  at  other  stations  in  its 
vicinity.  On  the  24th,  the  depression  on  the  summit  was  about 
the  same  as  near  its  base ;  but  on  the  26th  the  depression  was 
twenty  degrees  less  than  near  the  base,  indicating  that  at  this 
time  the  vertical  thickness  of  the  cold  stratum  of  air  did  not 
much  exceed  9.000  feet. 

The  fluctuations  of  temperature  observed  from  Dea  16  to 
Dea  27,  1872,  were  similar  in  their  general  features  to  those 
occurring  every  winter,  but  they  were  remarkable  for  the  long 
continuance  of  an  unusually  low  temperature.  What  was  the 
cause  of  this  protracted  period  of  severe  cold?  It  can 
scarcely  be  doubted  that  this  low  temperature  was,  at  least, 
in  part,  due  to  causes  in  operation  beyond  the  limits  of  the 
United  States.  It  is  noticeable  that  duriug  this  period  the 
barometer  was  unusually  high,  and  there  was  a  general  corre- 
spondence between  the  curves  of  high  pressure  and  of  low 
temperature.  If  then  we  can  discover  toe  cause  of  the  high 
barometer,  we  shall  probably  find  the  explanation  of  the  low 
temperature. 

In  my  third  paper  (vol.  x,  p.  8)  I  gave  a  table  showing  the 
number  of  cases  in  which  an  area  of  high  pressure  was  found 
on  diflferent  sides  of  an  area  of  low  pressure  during  a  period  of 
three  years.     These  numbers  are  as  follows : 
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On  the  North  side,  28  cases. 
"    Northeast  "    89      " 
"    East  "    90     " 

"    Southeast  "    76      " 


On  the  South  side,  25  oases. 

"  Southwest  "  20      " 

"  West  "  87      " 

"  Northwest  "  19      " 


It  will  be  observed  that  an  area  of  high  barometer  was  found 
on  the  east  side  of  an  area  of  low  barometer  almost  three  times 
as  frequently  as  on  the  west  side ;  and  it  was  found  on  the 
southeast  side  almost  four  times  as  frequently  as  on  the  south- 
west side.  These  numbers  are  to  be  understood  as  applying 
to  the  United  States  Weather  Maps:  that  is,  the  centers  of 
high  and  low  pressure  were  restri<'ted  to  a  certain  distance  from 
each  other,  and  the  average  distance  was  about  1200  miles. 
The  prevalent  direction  is  about  20°  south  of  east ;  in  other 
words,  whenever  an  area  of  low  barometer  is  formed  in  the 
United  States,  we  may  be  tolerably  sure  that  there  exists  at 
the  same  time  an  area  of  high  barometer  at  a  distance  of  about 
1200  miles,  and  in  a  direction  a  little  south  of  east. 

In  order  to  determine  whether  this  coincidence  was  the  re- 
sult of  local  causes,  I  have  examined  HoflFmeyer*s  charts  for  the 
Atlantic  Ocean  and  Europe  and  have  found  that  an  area  of  low 
barometer  on  the  northern  part  of  a  chart,  is  almost  invariably 
accompanied  by  an  area  of  high  barometer  on  the  southern 
part  or  the  same  chart.  In  about  three-fourths  of  the  cases 
examined,  the  direction  of  the  high  pressure  from  the  low  is 
southeast,  and  the  average  distance  is  about  1700  miles.  These 
results  are  derived  from  so  large  a  number  of  cases  that  they 
cannot  well  be  ascribed  to  accident,  and  seem  to  indicate  the 
operation  of  a  general  law.  They  naturally  suggest  the  idea 
that  areas  of  high  pressure  are  formed  from  the  air  which  is 
expelled  from  areas  of  low  pressure ;  and  that  in  Europe  as 
well  as  in  the  United  States  this  forming  process  takes  place 
chiefly  on  the  southeast  side  of  an  area  of  low  pressure.  The 
comparisons  which  I  have  made  also  indicate  that  in  Europe 
the  airection  of  the  high  area  from  the  low  area  is  more  soutn- 
erly  than  it  is  in  the  United  States,  and  the  distance  sensibly 
greater. 

These  conclusions  may  be  tested  in  another  way.  Low 
barometer  is  generally  associated  with  high  temperature,  and 
high  barometer  with  low  temperature.  Hence  we  should  con- 
clude that  a  temperature  above  the  mean  in  Iceland,  would  be 
accompanied  by  a  temperature  below  the  mean  in  Central 
Europe.  For  tne  purpose  of  comparison,  I  have  taken  the 
tables  furnished  by  Pro£  Dove  in  the  Memoirs  of  the  Berlin 
Academy.  He  has  there  given  the  mean  temperature  of  Ice- 
land for  each  month  from  1828  to  1887,  a  period  of  fifteenyears, 
and  also  the  mean  temperature  of  numerous  stations  in  Europe 
for  the  same  period.    1  selected  all  those  months  in  which  the 
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temperature  at  Iceland  was  at  least  one  degree  (Beaumur) 
above  the  mean,  and  placed  opposite  them  in  a  table,  the  tem- 
perature of  the  corresponding  months  at  Vienna,  Berlin, 
Prague  and  numerous  other  stations  scattered  all  over  Europe. 
The  number  of  months  employed  in  this  comparison  was  50, 
and  during  this  period  the  average  temperature  at  Iceland  was 
2°'10  R  (wove  the  mean  for  the  corresponding  months.  During 
the  same  months  the  temperature  at  Vienna  was  O^'Sd  R  helow 
the  mean,  showing  between  the  two  places  a  variation  from  the 
mean  temperature  amounting  to  3°*()4  R  or  6°*84  Fahr.  If  we 
restrict  the  comparison  to  the  four  months  from  November  to 
February,  the  difference  amounts  to  8°*t)6  Fahr. 

I  then  selected  all  those  months  in  which  the  temperature  of 
Vienna  was  at  least  one  degree  (Reaumur)  helow  the  mean  and 
placed  opposite  to  them  the  temperature  at  Iceland  for  the  same 
period,  and' found  that  during  the  four  coldest  months  of  the 
year  the  result  was  of  the  same  kind  and  quite  as  decided  as  in 
the  former  comparison ;  but  during  the  warmer  months  the 
influence  was  less  noticeable. 

Similar  differences,  but  not  quite  as  great,  were  found  to  pre- 
vail throughout  Austria  and  Germany,  and  the  same  influence 
in  a  diminished  degree  prevails  in  France,  Italy  and  a  large 
part  of  Eussia.  The  period  employed  in  this  comparison  seems 
to  be  long  enough  to  establish  a  law,  and  I  think  we  must  con- 
clude that  when  the  temperature  of  Iceland  is  much  above  the 
mean,  the  temperature  of  Central  Europe  is  generally  depressed 
below  the  mean,  and  this  influence  is  most  decided  during  the 
colder  months  of  the  year. 

The  results  thus  obtained  for  the  United  States  and  for  Eu- 
rope suggest  the  idea  that  an  area  of  unusually  high  barometer 
in  the  central  portion  of  North  America  may  oe  the  result  of  a 
storm  prevailing  at  a  distance  of  1500  or  2000  miles  in  a  north- 
west airection.  Upon  referring  to  a  map  we  find  that  the 
Aleutian  Islands  are  situated  in  this  direction,  and  at  a  distance 
of  about  2000  miles  from  Oregon,  and  we  know  that  in  the 
neighborhood  of  these  Islands  the  storms  of  winter  are  unusually 
severe  and  the  barometer  often  sinks  extremely  low.  If  we 
had  maps  showing  the  isobaric  curves  from  day  to  day  in  the 
vicinity  of  the  Aleutian  Islands,  and  extending  to  the  central 

f)ortions  of  North  America,  it  is  presumed  we  should  find  that 
ow  pressure  near  these  Islands  was  generally  attended  by  an 
area  of  high  pressure  in  a  southeast  direction  at  a  distance  of 
1600  or  2000  miles.  The  Report  of  the  United  States  Signal 
Service  for  1873  contains  Meteorological  observations  at  St 
Paul's  Island,  lat  67°  N.,  long.  170°  W.,  but  I  have  no  observ- 
ations from  the  interior  of  British  America  suitable  for  compari- 
son with  them ;  it  is,  however,  remarkable  that  in  several  cases 
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in  1872-8,  when  the  barometer  was  unusually  low  at  St.  Paul, 
it  was  unusually  high  in  Oregon  or  Dakota.  The  following  is 
an  example : 


Datb. 

St  Paul 

Portland, 
Oregon. 

1872,  Nov.  13 
"    14 
"    16 
*»    16 

14        l»l 

"     18 
"    19 
"     20 
««     21 

29-92 
29-40 
29-07 
2908 
29-43 
28-68 
28-62 
28-98 
29-38 

30-62 
30-66 
30-60 
30-61 
30*62 
30-64 
30-68 
30-66 
30-40 

During  this  period  of  nine  days  while  the  average  pressure  at 
St  Paul  was  29*20,  the  average  pressure  at  Portland,  Oregon, 
was  80'50.  Also  from  Dec.  15  to  26,  1872,  the  average  pressure 
at  Breckenridge,  Minnesota,  was  80*50,  bat  during  the  same 
time  the  average  pressure  at  St  Paul  was  29*25;  and  Dec.  18, 
when  the  barometer  at  Breckenridge  stood  at  80*70,  the  barom- 
eter at  St  Paul  stood  at  2805. 

Form  of  areas  of  maximum  aud  minimum  pressure. 

In  preceding  articles  (this  Jour.,  vol.  viii,  p.  11,  and  vol.  x,  p.  9) 
I  have  shown  the  average  form  of  the  isobars  about  a  storm 
center  as  derived  from  observations  of  three  years.  I  have  since 
made  a  similar  comparison  of  observations  of  three  years  (1878-5) 
to  determine  the  form  of  the  isobars  about  an  area  of  maximum 
pressure.  The  isobar  selected  has  generally  been  that  of  30*20; 
out  when  the  observations  were  insufficient  to  show  the  complete 
form  of  this  curve,  I  have  taken  the  isobar  30  30,  provided  that 
curve  was  nearly  complete.  When  both  of  these  curves  were 
incomplete  I  have  taken  the  next  highest  curve  whose  form 
could  be  satisfactorily  determined.  The  whole  number  of  cases 
employed  in  these  comparisons  was  238.  The  longer  axis  of 
eacn  of  these  isobars  was  measured,  and  also  the  axis  perpen- 
dicular to  the  fonner,  and  the  ratio  of  the  two  was  determined. 
The  average  ratio  of  the  two  axes  was  found  to  be  1*91.  In 
fifteen  cases  the  major  axis  was  at  least  three  times  the  minor 
axis ;  and  in  two  cases  the  major  axis  was  at  least  four  times 
the  minor  axis  ;  the  highest  value  being  4*6.  In  other  words, 
the*  average  form  of  the  isobars  about  an  area  of  maximum 
pressure  is  an  oval  whose  major  axis  is  nearly  double  the  minor 
axis ;  and  in  six  per  cent  of  the  cases  the  major  axis  is  three 
times  the  minor  axis,  while  in  one  per  cent  of  the  cases  the 
major  axis  is  four  times  the  minor  axis. 
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The  average  ratio  of  the  two  axes  of  the  isobars  about  an 
area  of  minimum  pressure  was  found  to  be  1*94 ;  and  in  nearly 
four  per  cent  of  the  cases  the  major  axis  was  four  times  the 
minor  axis. 

The  direction  of  the  major  axis  of  each  curve  was  measured 
with  a  protractor,  and  reckoned  in  degrees  from  the  north 
point  toward  the  east.  The  following  table  shows  the  number 
of  cases  included  in  each  interval  of  ten  degrees.  Column 
first  shows  the  directions  divided  into  intervals  of  ten  degrees, 
and  column  second  shows  the  number  of  cases  occurring  in 
each  interval.  In  order  to  eliminate  the  influence  of  accidental 
causes,  I  have  taken  the  average  of  each  three  successive  num- 
bers in  column  2d,  and  have  placed  the  result  in  column  3d. 
These  numbers  show  a  decided  maximum  corresponding  to  the 
direction  N.  44°  £.  Column  4th  shows  the  observations  of  the 
isobars  about  an  area  of  minimum  pressure  as  heretofore  re- 
ported, and  column  5th  shows  the  averages  of  the  same  numbers 
taken  in  sets  of  three.  These  numbers  also  show  a  decided 
maximum  corresponding  to  the  direction  N.  89°  E. 

The  close  agreement  between  the  average  form  of  the  curves 
for  high  and  low  pressure,  as  well  as  in  the  prevalent  direction 
of  the  major  axis  of  the  curve  seems  to  indicate  the  operation 
of  a  constant  cause.  In  order  to  determine  whether  this  phe- 
nomenon is  of  a  local  nature,  I  have  made  a  similar  companson 
of  European  observations.  I  took  Hoffmeyer's  charts  from 
Dec,  1873,  to  Nov.,  Ib74  and  measured  the  form  of  the  isobars 
about  each  storm  center. 

Pontion  of  the  Major  Axis  of  the  Isobars. 


DIBBCTI0N8. 

UKFTED  STATES. 

BUBOPB. 

High  Barom. 

Low  Btfom. 

LowEftrom. 

HlghBarom. 

Cmm. 

ATer. 

CMet. 

ATer. 

Cmw. 

Arer. 

Calico. 

ATer. 

O*'-  10** 

19 

15 

17 

12 

7 

5 

2 

3 

10  -  20 

12 

15 

18 

17 

8 

6 

3 

2 

20  -  30 

14 

17 

15 

22 

4 

6 

2 

2 

30  -  40 

25 

20 

34 

24 

6 

6 

1 

1 

40-50 

21 

25 

23 

26 

7 

7 

1 

1 

50  -  60 

29 

22 

22 

17 

7 

6 

2 

3 

60  -  70 

17 

17 

7 

15 

4 

5 

7 

5 

70  -  80 

8 

12 

16 

10 

4 

3 

6 

6 

80  -  90 

11 

7 

8 

13 

1 

2 

6 

4 

90  -100 

3 

5 

14 

10 

1 

1 

2 

4 

100  -110 

2 

3 

9 

10 

1 

2 

6 

3 

110  -120 

5    • 

4 

7 

6 

3 

2 

3 

4 

120  -130 

6 

5 

3 

6 

3 

4 

5 

3 

130  -140 

5 

7 

7 

6 

6 

4 

1 

3 

140  -150 

9 

7 

8 

8 

H 

3 

2 

1 

150  -160 

6 

8 

8 

8 

2 

2 

1 

I 

160  -170 

9 

10 

8 

9 

1 

2 

1 

2 

170  -180 

14 

15 

10 

12 

3 

4 

3 

2 
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Only  those  cases  were  selected  which  coDtained  an  isobar  as 
low  as  740  millimeters.  The  isobar  selected  for  measarement 
was  seldom  the  lowest  isobar  drawn  on  the  maps,  but  the 
largest  isobar  which  was  complete  (or  nearly  so)  about  the  storm 
center.  The  number  of  cases  employed  was  70,  and  the  aver- 
age ratio  of  the  two  axes  was  1*60.  Column  6th  in  the  preceding 
table  shows  the  number  of  cases  for  each  10°  of  azimuth  ;  and 
column  7th  shows  the  averages  of  the  same  numbers  taken  in 
sets  of  three. 

In  a  similar  manner  the  isobars  about  areas  of  maximum 
pressure  were  measured.  Only  those  cases  were  selected  which 
contained  an  isobar  as  high  as  775  millimeters,  and  frequently 
this  was  the  isobar  selected  for  measurement ;  but  if  the  map 
showed  a  larger  isobar  which  was  complete,  or  nearly  so,  that 
was  taken  in  preference.  The  number  of  cases  employed  was 
51  and  the  average  ratio  of  the  two  axes  was  1'82.  In  the  pre- 
ceding table,  column  8th  shows  the  number  of  cases  for  each  10° 
of  azimuth,  and  column  9th  shows  the  averages  of  the  same  num- 
bers taken  in  sets  of  three. 

The  following  table  presents  a  summary  of  the  preceding  re- 
sults both  for  low  and  high  pressures  in  the  United  States  and 
Europe. 

Summary  of  MestUtsfor  Isobars. 


LOW  RAROKBTUL 

HIGH  BABOMETER. 

United  States. 

Europe. 

United  States. 

Europe. 

Ratio  of  the  two  axes, 
Preyalent  direct  of  major  axis, 

1-94 
N.  39*  R 

1-60 
N.  31°  K 

1-91 
N.  44'  E, 

1-82 
N.  76°  E. 

This  table  suggests  some  obvious  reflections,  but  I  prefer  to 
withhold  them  until  I  have  obtained  a  longer  series  of  observa- 
tions from  Europe. 

Relation  of  rainfall  io  variations  of  barometric  pressure. 

In  former  articles  (this  Jour.,  vol.  viii,  p.  4  and  vol.  x,  p.  5)  I 
have  shown  a  close  connection  between  the  rain-fall  and  the 
direction  and  velocity  of  a  storm's  progress.  I  have  also  en- 
deavored to  determine  (vol.  viii,  p.  11)  by  what  indications  it 
may  be  known  whetlier  the  barometric  pressure  at  the  center 
of  a  storm  is  increasing  or  diminishing.     Since  receiving  the 

fmblished  observations  of  the  Signal  Service  for  eleven  months 
Sept,  1872  to  July,  1873)  I  have  resumed  this  discussion  and 
have  discovered  a  decided  connection  between  the  amount  of 
rain  fall  and  the  pressure  at  the  center  of  the  storm.  For  the 
purpose  of  comparison,  storms  were  divided  into  three  classes  ; 
one  class  including  those  cases  in  which  the  barometric  depres- 
sion at  the  center  of  the  storm  was  the  same  on  two  successive 
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days,  or  the  change  was  less  than  0*05  inch,  A  second  class 
included  those  cases  in  which  the  pressure  at  the  center  de- 
creased to  the  extent  of  at  least  0  05  inch ;  and  a  third  class 
included  those  cases  in  which  the  pressure  increased  to  the 
extent  of  at  least  0*05  inch.  The  following  is  the  result  of  this 
comparison  including  194  cases  for  eleven  months  of  observa- 
tiona 

Jf^uence  of  variations  of  barometric  pressure. 


• 

AMOUNT  OF  RATH-FALL. 

No.  of 

CMM. 

Barom. 
at  centre. 

Variation 
la  %k  taoon. 

Within 
laobar 

»to. 

Within 

Ifobar 

Si*8t. 

Oreateat 
falL 

Pressiire  increaring, 
"       ststionaryf 
"       decreasiiig, 

46 

81 
68 

29-68 
29*66 
29*48 

+  100 
-006 
-128 

069 
•120 
•134 

•078 
•149 
•169 

066 
086 
102 

Column  2d  shows  the  number  of  cases  of  each  of  the  three 
classes  of  storms  investigated ;  column  3d  shows  the  average  pres- 
sure at  the  center  of  the  storms  under  investigation  ;  column  4th 
shows  the  average  change  of  pressure  at  the  center  of  the  storm 
in  twentv -four  hours,  +  increasing,  —  diminishing;  column  5th 
shows  tLe  average  rain-fall  for  eight  hours  at  all  the  stations 
included  within  the  isobar  29*90  ;  column  6th  shows  the  average 
rain-fall  at  the  stations  within  the  isobar  29*80 ;  and  column  7th 
shows  the  average  obtained  by  taking  the  greatest  rain-fall  re- 
ported for  each  storm  at  any  of  the  stationa  This  greatest 
rain-fall  generally  occurred  near  the  center  of  the  storm-area. 

These  results  clearly  indicate  that  the  amount  of  rain- fall  is 
least  when  the  pressure  at  the  center  of  the  storm  is  increasing, 
or  the  storm  is  diminishing  in  intensity  ;  and  the  amount  of 
rainfall  is  greatest  when  the  pressure  at  the  center  of  the  storm 
is  decreasing,  or  the  storm  is  increasing  in  intensity ;  and  we 
arrive  at  the  same  conclusions  whether  we  take  the  average 
rain-fall  at  all  the  stations  within  the  isobar  29*90  ;  or  confine 
ourselves  to  the  stations  within  the  isobar  29*80 ;  or  take  simply 
the  single  station  which  reports  the  greatest  rain-fall.  T^is 
effect  is  most  decided  during  the  colder  months  of  the  year. 

Stationary  storms  near  the  coast  of  Newfoundland, 

In  a  former  article  (vol.  xi,  p.  17)  I  have  noticed  the  feet  that 
storms  sometimes  remain  almost  stationary  for  several  days 
near  Nova  Scotia  or  Newfoundland.  This  phenomenon  I  as- 
cribe to  an  unusual  precipitation  of  vapor  in  that  vicinity. 
The  vapor  is  furnished  by  tne  warm  water  of  the  Gulf  Stream, 
and  the  high-lands  near  the  coast  afford  facilities  for  its  precipi- 
tation. We  should  therefore  expect  to  find  the  average  rain- 
fall in  this  vicinity  to  be  unusually  great  That  such  is  the 
feet  is  shown  by  the  following  table  which  gives  the  annual 
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rain -fell  at  various  stations  along  that  part  of  the  coast.  For 
this  table  I  am  indebted  to  Mr.  G.  T.  Kingston,  Superintendent 
of  the  Meteorological  Service  of  Canada. 

Annual  Hain-fall  in  Nova  Scotia  and  iU  vicinity. 


STATIOirB. 


8t.  Johns, 

Harbor  Grace,  . 
Bay  St.  George, 

Glace  Bay, 

Sydney, 

Cape  North, 

Port  Hastings, . 
Gnysborough, . . 

Pictoo, 

Charlottetown, . 

Truro 

Seaforth, 

Halifax, 

Beaver  Bank,  . . 

Windsor, 

Dorchester, 

Cape  Rosier, 

WolfVille, 

Bass  River, 

Chatham, 

Bathurst, 

St  John, 

Fredericton,  .-. 
QuebcH^ 


Latitude. 

47° 

33' 

41 

42 

48 

30 

46 

13 

46 

12 

47 

3 

46 

39 

46 

23 

46 

42 

46 

14 

46 

20 

44 

38 

44 

40 

44 

34 

44 

64 

46 

46 

48 

66 

46 

6 

46 

30 

47 

1 

47 

37 

46 

14 

46 

66 

46 

48 

Longitude. 


62"  40' 

63  16 

68  29 

69  68 
60  14 

60  26 

61  29 

61  .H6 

62  40 

63  10 
63  20 
63  34 
63  36 

63  39 

64  7 
64  18 
64  21 
64  26 
66  12 
66  30 
66  41 
66  6 
66  40 
71  12 


Average 

No.  of 

rain-falL 
Inohei. 

years. 

65-86 

4 

48*36 

4 

47-76 

1 

61-81 

6 

68-36 

6 

47-36 

1 

43-67 

2 

60-40 

3 

60-68 

2 

41-90 

3 

49-60 

4 

47-87 

2 

61-29 

11 

42-94 

3 

42-63 

1 

48-63 

4 

33-17 

3 

41-88 

8 

38-21 

6 

44-48 

2 

33-21 

2 

64-68 

9 

46-62 

4 

37-27 

6 

It  will  be  noticed  that  near  the  southern  coast  of  Nova  Scotia 
and  Newfoundland  there  is  a  line  of  stations  where  the  annual 
rain-fall  ranges  from  50  to  60  inches,  while  at  a  distance  of  200 
or  300  miles  from  the  coast,  the  annual  rain-fall  is  less  than 
40  inches.  Ako  if  we  follow  along  the  coast  of  the  United 
States  as  Car  south  as  Washington  we  find  that  scarcely  any 
where  does  the  average  rain-fall  exceed  46  inches.  The  pre- 
cipitation on  the  south  coast  of  Nova  Scotia  and  Newfound- 
land is  therefore  excessive,  and  is  sometimes  suflScient  to  hold 
a  storm  nearly  stationary  for  several  days. 

Course  and  velocity  of  storms  in  tropical  regions. 

In  order  to  discover  the  causes  of  the  movement  of  storm- 
areas,  it  is  important  to  study  their  phenomena  under  the 
greatest  possible  variety  of  circumstances.  For  this  purpose  I 
have  prepared  a  list  of  all  the  storms  originating  near  the 
West  India  Islands,  for  which  I  have  found  definite  paths  as- 
signed by  any  investigator.  The  principal  results  are  exhibited 
in  the  following  table.  Column  1st  snows  the  date  of  com- 
mencement of  the  storm  so  far  as  ascertained ;  column  2nd  shows 
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the  latitude  of  the  storm's  center  when  it  first  became  violent ; 
column  8(1  shows  the  average  course  of  the  storm  while  moving 
westward  ;  column  4th  shows  the  hourly  velocity  of  progress  in 
the  preceding  part  of  its  course  ;  column  5th  shows  the  latitude 
at  wnich  the  storm  was  moving  due  north ;  column  6th  shows 
the  average  course  of  the  storm  after  turning  eastward  until  it 
reached  the  parallel  of  40^;  column  7th  shows  the  hourly  veloc- 
ity of  progress  during  the  preceding  period  ;  column  8th  shows 
wliether  rain  was  mentionea  as  accompanying  the  storm  ;  column 
9th  indicates  the  name  of  the  person  by  whom  the  phenomena 
of  the  storm  were  investigatea ;  (E)  stands  for  William  Eeid  ; 
(W)  stands  for  William  C.  Redfield ;  (M)  for  Matthew  F.  Maurv  ; 
(B)  for  Alexander  Buchan ;  (E)  for  John  R  Eastman ;  (T)  for 
Henry  Toynbee ;  and  (S)  for  the  U.  S.  Signal  Service.  Column 
lOth  shows  where  the  record  of  the  investigation  may  be  found. 

It  will  be  noticed  that  the  least  latitude  of  any  storm-path 
here  recorded  is  10° ;  that  is,  over  the  Atlantic  Ocean  no 
storm-path  has  been  traced  within  l(f  of  the  equator.  On 
Maury  s  storm  chart  for  the  North  Atlantic  (this  Jour,  vol.  xi, 
p.  12)  among  6436  observations,  each  observation  representing 
a  period  of  eight  houn?,  four  gales  are  reported  withm  five  de- 
grees of  the  equator.  Also  between  5°  and  iO°  north  latitude, 
among  6476  observations,  eight  gales  are  reported.  On  Maury's 
chart  for  the  eastern  half  of  the  North  Pacific  Ocean,  among 
17,854  observations,  35  gales  are  reported  between  the  equator 
and  5°  N.  latitude;  and  between  5°  and  10°  N.  lat  among 
9352  observations,  83  gales  are  reported.  Storms  do  therefore 
sometimes  occur  almost  directly  under  the  equator,  but  on  an 
average  only  once  or  twice  a  year. 

The  courses  of  the  storms  mentioned  in  the  preceding  table 
range  from  11J°  south  of  west  to  62°  north  of  west.  In  two 
cases  the  course  was  south  of  west;  in  a  third  case  the  course 
was  only  one  degree  north  of  west,  and  in  a  fourth  case  the 
course  was  only  5°  north  of  west  Tropical  storms  do  there- 
fore sometimes  travel  towards  the  equator;  and  it  is  probable 
that  this  direction  occurs  more  frequently  than  the  table  would 
indicate,  since  many  of  the  storms  here  recorded  would  never 
have  been  selected  for  investigation,  if  they  had  not  advanced 
into  the  middle  latitudes.  The  average  course  of  the  storms 
here  mentioned  while  moving  westward  was  west  24°  north ; 
and  the  average  hourly  velocity  in  this  part  of  their  course 
was  174  miles. 

The  average  latitude  of  the  storm's  center  when  moving  due 
north  was  29^  degrees,  and  the  latitudes  range  from  23^  to  84 
degrees.  During  the  three  summer  months  the  average  lati- 
tude is  30°'6;  in  September  it  is  29°*7,  and  during  the  other 
months  of  the  year  26°'7,  indicating  that  the  point  where  the 
course  changes  from  west  to  east  is  more  northerly  in  summer 


Obaervations  o/the  United  iStafes  SiffJial  Service. 


15 


than  io  winter.  The  average  course  of  these  storms  while 
tntveliag  eastward  to  the  parallel  of  40°  was  E.  88J°  N.  .raog- 
ing  from  17°  to  60°.  The  average  hourly  velocity  in  this  part 
of  their  course  is  20"5  miles,  which  ia  alraoat  exactly  the  aver- 
age velocity  of  storms  in  the  United  States  for  the  months  of 
August  and  September  according  to  the  Signal  Service  obaer- 
vatiooa 


Courte  of  Srtrricanet 

the  Weet  India  lalandB. 

'Sl 

Coume 

4ii 

Conree 

.3  i 

. 

Dm  or 
SnoK. 

11 
It 

•3 

whUe 
moving 

while 
moving 

It 

RaiD- 
fall. 

f 

Where  Recorded. 

Westward 

^1 

11 

EaeCwBrd. 

"1 

17S0.  Oct      3 

16-5' 

E.ei-6'N 

lRa(». 

R 

LawofSta.,p.273. 

1780.  Oct    12 

11-8 

W.  31"  N 

lis 

23-3° 

E.  39-6  N 

17-3  Bain. 

R 

La»ofSta.,p.273. 

1804.  Sept    3 

16-1 

W.  30  N. 

20-4 

31 -2 

K.  46  N. 

IS'IRaih. 

J.S.,  V.  20,  p.  17. 

1B21.  Sept    1 

21-7 

W.  37  N. 

36-0 

31-3 

E.BBN. 

2S-0«a.-n. 

W 

J,  8.,  y.  20,  p.  17. 

1831.  Aug.  n 

14B 

W.  SB  N. 

12-9 

E43N. 

10-0  Bain. 

W 

J.  S„  V.  31,  p.  123. 

1S30.  Aug.  13 

lJ-3 

w.assN 

23-8 

31-4 

E.37ff. 

16-3  KilH. 

W 

J.  S.,  V.  2D,  p.  34. 

1830.  AuE.  12 

a2'3 

W.  37  N. 

ia-7 

30'3 

E.  40N. 

]6'0  Rain. 

J.  a,  y.  20,  p.  39. 

1830.  Sept  3fl 

30-2 

W.  33'5  N 

33-4 

30'4 

E.  43  11. 

39-6 

W 

J.  S.,  y.  20,  p.  42. 

1831.  Jan.    13 

30-0 

300 

B.  63-6  N 

ie-6  Snow. 

W 

U.S.  N.  Mag.  1836. 

1831.  June  33 

10-3 

W.  14-6  N-l  30-4 

W 

J.  8.,  T.  31,  p.  123. 

1831.  Aug.  10 

13-3 

W.25-5N.   IH'6 

30-7 

Ifla™. 

W 

J.  a.,  V.  31,  p.  193. 

1836.  Aug.  13 

IS'3 

W.  IJ  N. 

n-s 

lEain. 

w 

j.a.T.  3i,p.  124. 

1836.  Sept    3 

13-4 

W.  38  N. 

Ijfain. 

R  'Law  of  StB^'p.  36. 

1837.  July  36 

W.  29  N. 

30-0 

lEAlB. 

R  [Law  of  StB.,  p.  48. 

1837.  Aug.    a 

n-3 

W.31-6N 

\B«in. 

R  [Law  of  StB.,  p.  48. 

IB37.  Aug.  13 

178 

W.  20  N. 

31'7 

E.  24-6  N 

IRam. 

R  Law  of  Sis-  p.  69. 

1837.  Ads.  24. 

32-7 

E.  47  N. 

n-6floiB.   iB|LBWofStB.,p:i09, 

1837.  Sept  27 

16-T 

W.  21  N. 

8-3 

26-2 

E.  17-S  N 

13-4  .fimn.    |R  |ProgreBB,  p.  13. 

1839.  Sept  12 

18-5 

W.  26  N. 

33-3 

^liain. 

R 

ProgresB,  p.  39. 

1842.  Ang.  30 

2I-B 

W.  IN. 

10-1 

'Rain. 

W 

J.  S.,  y.  1,  p.  3, 

1M3.  Oct      3 

20'0 

E.  18  N. 

lO-S  Rata. 

W 

J.  8.,  y.  1,  p.  1B3. 

1844.  Oct     4 

18-6 

E.  64N. 

30-4  Kain. 

w 

J.  8.,  y,  a,  p.  313. 

1846.  Sept  11. 

13-8 

W.  62  N. 

10-3 

29-3 

E.  47  N. 

H'3  RaiH. 

w 

J.  S,  y.  18,  chart 

1846.  Oct      6 

14-3 

W. GO  N.  ' 

30-0    E.  60-6  N. 

23-5  Rain. 

w 

J.  S.,  V.  18.  chart. 

1847.  Oct,    10 

12-8  'W.  ll'5S.'21-2 

jRain. 

R 

ProgroBB,  chart. 

1848.  Aug.  32. 

16-0  IW.28SN. 

27-4 

E.  33  N. 

1 

R 

Progress,  p.  337. 

1848.  Aug.  39. 

16-0  IW.  33  N. 

390 

E.24N. 

Bain. 

M 

Phja.  Geog.,  p.  80. 

1850,  Sept    3. 

16-0   W.  B  N. 

13-8 

W 

J.S.,y.lB,pri76. 

1861.  Aug.  16. 

13'6    W.  16  N. 

17-6 

37-3 

E.34N. 

187 

Rain. 

W 
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In  column  8th  the  word  rain  when  italicized  signifies  hard 
rain ;  when  in  capitals  it  signifies  VERY  hard  kaik,  or  rain 
descending  in  torrents.  It  will  be  perceived  that  rain  gen- 
erally accompanies  hurricanes.  In  four  of  the  cases  I  find  in 
the  published  reports  no  mention  of  rain,  but  it  is  presumed 
that  this  is  simply  an  oversight,  since  in  most  of  the  other  cases 
rain  is  only  incidentally  mentioned.  In  all  the  investigations 
of  Bedfield  and  Reid  the  circumstances  upon  which  they  in- 
sist as  specially  important  are  the  direction  and  force  oi  the 
wind ;  and  it  is  only  by  consulting  the  extracts  from  the  log- 
books which  they  have  furnished  us,  that  I  have  discovered 
any  mention  of  accompanying  rain.  It  is  believed  that  tropical 
hurricanes  never  occur  without  rain,  and  generally  the  rain  is 
described  as  descending  in  torrents. 

Further  remarks  upon  the  preceding  table  are  reserved  for  a 
future  article.  In  preparing  the  materials  for  this  article,  I 
have  been  assisted  by  Mr.  Edward  S.  Cowles,  a  graduate  of 
Yale  College  of  the  class  of  1878. 


Art.  IL — The  Colorado  Plattau  Province  as  a  Field  for  Geologi- 
cal Study ;  by  G.  K.  Gilbert. 

L  Definition  and  Description  of  the  Province. 

In  the  Mississippi  Valley  and  "the  Plains*' the  sti'ata  are 
almost  undisturbed  and  lie  nearly  level.  They  have,  indeed, 
been  lifted  above  the  parent  ocean,  and  in  part  raised  to  a  height 
of  thousands  of  feet,  out  broad  areas  have  moved  together  and 
all  flexures  have  been  gentle.  There  are  no  traces  of  the  fold- 
ings which  characterize  the  Appalachian  region.  The  preva- 
lent features  of  topography  are  plains  and  hills. 

From  the  western  edge  of  the  Plains  to  the  Pacific  Ocean 
the  characteristic  features  are  mountains.  The  strata  are  bent 
and  broken,  and  upturned  at  all  angles.  The  typical  structures 
are  structures  of  displacement  Within  this  region  of  great 
disturbance  is  a  restricted  area  of  comparative  calm.  Disloca- 
tions of  strata  are  not  unknown  in  it;  indeed,  they  are  of  fre- 
quent occurrence;  but  they  are  less  frequent,  less  profound, 
and  less  complex,  than  in  the  surrounding  region  of  mountains. 
Its  mountains  are  few  and  scattered,  and  its  typical  topographic 
form  is  the  table  or  plateau.  It  is  called  the  Colorado  Plateau 
province. 

This  region  of  plateaus  was  crossed  by  many  lines  of  early 
exploration,  and  tne  salient  features  of  its  topography  were 
described  by  numerous  observers.  The  first  writer  who  called 
attention  to  the  extent  of  the  district,  and  colligated  the  north- 
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ern  portions  with  the  southern,  was  Professor  W.  P.  Blake  (Pac 
R  K.  Repta,  vol.  iii,  part  iv,  pp.  8  and  42,  1856.)  The  title  of 
"  Coloraao  Plateau  "  first  appeared  in  the  map  of  Ives'  Colorado 
River  Report  in  1861,  and  was  written  between  San  Francisco 
mountains  and  the  Grand  Cafton.  Later  usage  extended  the 
term  to  include  the  broad  upland  through  which  the  Colorado 
has  excavated  its  deep  channel ;  and  finally,  as  the  minor  pla- 
teaus of  which  the  great  one  is  composed  began,  in  the  progress 
of  geographical  knowledge,  to  be  discriminated  and  named,  the 
comprehensive  title  of  the  whole  became  the  Colorado  Plateaus 
or  the  Oflorado  PkUeau  Province,  Portions  of  the  region  have 
been  studied,  described,  and  mapped  by  numerous  geologists 
and  geographers,  but  the  chief  contributions  to  our  knowledge 
of  the  Province  as  a  whole,  and  of  its  limits,  have  come  from  the 
surveys  conducted  by  Major  Powell  and  Lieutenant  Wheeler.* 
It  would  avail  little  to  describe  in  detail  the  boundaries  of  the 
province  without  the  aid  of  a  map.  On  the  east  it  is  separated 
fixjm  the  Plains  by  a  continuous  broad  belt  of  mountains,  which 
include  the  parks  of  Colorado  and  have  been  called  the  Park 
Mountain  System.  On  the  south  and  west  it  adjoins  the  Basin 
Range  Province,  a  region  of  many  short  parallel  ranges,  separa- 
ted by  trough-shaped,  desert  valleys.  Northward  it  is  limited 
by  mountains  for  which  there  is  no  comprehensive  title.  Its 
greatest  extent  from  north  to  south  is  700  miles ;  from  east  to 
west,  425  miles.  It  comprises,  of  southern  Wyoming,  20,000 
square  miles;  of  eastern  Utah,  50,000;  of  western  Colorado, 
30,000 ;  of  northeastern  Arizona,  45,000 ;  and  of  northwestern 
New  Mexico  25,000  ;t  making  a  total  of  170,000  square  miles, 
or  one-twenty-fourth  part  of  the  territory  of  the  United  States. 
It  is  drained  chiefly  by  the  Colorado  of  the  West  and  its  tribu- 
taries, but  the  Sevier  river  heads  in  the  western  margin,  and 
the  Puerco  of  the  East  in  its  eastern,  and  the  North  Platte  drains 
its  northeastern  angle.  The  plateaus  which  compose  it  range 
in  altitude  from  6,000  to  11,000  feet  above  the  sea,  but  the 
lines  of  drainage  are  much  lower,  and  the  streams  run  at  the 
bottoms  of  deep  gorges  or  cafions.  The  plateaus  are  terminated 
in  part  by  cliffs,  and  the  cafion  walls  are  cliffs.  Plateaus,  cafions, 
ana  cliffs  are  the  characteristic  features.  The  chief  mountains 
are  of  volcanic  origin,  and  they  are  doubly  conspicuous,  since 

*  Exploration  of  the  Ck>lorado  Riyer  of  the  Weet  and  its  tributaries ;  by  J.  W. 
POweH    Washington,  1875. 

U.  S.  Engineer  Explorations  and  Surveys  west  of  the  100th  meridian,  vol.  iii, 
Geology ;  by  G.  K.  Gilbert,  Archibald  R.  Manrine,  Edwin  E.  Howell,  and  J.  J. 
Stevenaon.    Washington,  1876. 

f  In  defining  the  province  in  my  report  to  Lieut  Wheeler  (see  U.  S.  Eng.  ExpL 
and  Sur.  W.  ^rf|hfl  ^OOth  mer.,  vol  iii,  Geology,  pp.  43  and  542)  I  have  not  included 
the  portion  (flSBt^  the  Uinta  mountains.  I  was  not  aware,  at  the  time  of  writ- 
ing, thai  the  plateaus  soutti  of  the  Uintas  were  continuous  with  those  of  Wyoming, 
the  Uinta  uplift  not  extending  eastward  to  the  Park  Mountaina 

AM.  Jona.  Sci.— Thibd  Sbbibs,  Vol.  XII,  No.  67.^Jult,  1876. 
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they  not  only  constitute  some  of  the  loftiest  points,  but  are  ex- 
ceptional to  the  general  charactet  of  the  topography. 

The  climate  is  extremely  dry — so  dry  that  agriculture  is 
impossible  without  irrigation.  Vegetation  is  scant,  except  upon 
the  heighta  Below  8,000  feet  altitude  it  is  too  sparse  to  inter- 
fere witn  the  examinations  of  the  geologist,  and  there  are  vast 
stretches  of  absolutely  naked  rock.  Travel  is  greatly  obstructed, 
except  along  certain  lines,  by  deep  cafions  which  ramify  through 
the  plateaus,  and  the  selection  of  routes  for  wagon-roads  and 
railroads  is  a  work  of  great  difficulty. 

All  this  description  applies  more  especially  to  the  southern 
portions  of  the  district  North  of  the  Uinta  mountains  the 
streams  flow  in  shallower  and  broader  valleys,  and  are  more 
sluggish.  The  Green  river,  the  main  artery  of  drainage,  is  there 
less  deeply  sunken  in  the  plain  than  in  its  lower  course,  and  all 
erosion  oy  running  water  is  hence  less  powerful.  The  profiles 
of  the  topography  are  more  rounded,  and  accumulations  of  local 
drift  and  soil  give  rise  to  many  grassy  plains. 

The  only  important  economic  mineral  of  the  whole  region  is 
coal,  and  this,  though  unlimited  in  quantity,  is  now  utilized 
only  where  the  Pacific  railroad  aflFords  a  market  Mines  of  the 
precious  metals  are  nearly  unknown,  and  in  default  of  these, 
which  are  the  usual  incentives  to  settlement  in  our  arid  territo- 
ries, the  region  is  chiefly  uninhabited  by  whites,  and  portions 
are  even  unexplored,  except  by  the  ubiquitous  trapper  and  pro- 
spector, who  make  no  record  of  their  aiscoveries.  Along  the 
western  margin  are  Mormon  settlements.  The  market  afforded 
by  the  Pacific  railroad  and  its  dependencies,  has  stimulated  a 
little  farming  in  Wyoming,  and  the  same  result  has  been  wrought 
at  the  south,  in  Arizona  and  New  Mexico,  by  a  line  of  military 
posts.  But  in  the  center  of  the  province  one  can  find  a  spot 
that  is  more  than  one  hundred  mii€«  from  the  nearest  house, 
excepting  only  the  ruined  and  abandoned  dwellings  of  the 
Pueblo  Indians,  who  once  peopled  this  forbidding  land  more 
densely  than  it  is  likely  ever  to  be  peopled  again. 

II.  Soto  the  materiel  is  esxposedfor  study. 

As  a  field  for  the  studies  of  the  geologist,  the  Plateau  province 
offers  valuable  matter  in  an  advantageous  manner.  Let  us  be- 
gin with  the  consideration  of  the  manner. 

First,  the  Climate.  The  air  is  so  dry  that,  except  on  the  heights 
and  at  the  margins  of  springs  and  streams,  there  is  no  turf,  no 
accumulation  of  humus,  often  no  soil,  and  so  little  vegetation 
that  the  view  is  not  obstructed.  From  a  commanding  emi- 
nence one  may  see  spread  before  him,  like  a  chart,  to  be  read 
almost  without  effort,  the  structure  of  many  miles  of  country, 
and  in  a  brief  space  of  time  may  reach  conclusions,  which,  in  a 
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humid  region,  would  reward  only  protracted  and  laborious  ob- 
servation and  patient  generalization.  There  is  no  need  to  search 
for  exposures  where  everything  is  exposed.  Dr.  Newberry, 
speaking  of  one  of  the  southern  plateaus,  says,  **  On  our  way 
to  the  Moqui  villages  we  passed  through  a  region  singularly 
favorable  for  accurate  geological  investigation ;  where  there 
is  no  vegetation  to  impede  the  view;  where  the  strata  are 
entirelv  undisturbed,  and  are  cut  by  valleys  of  erosion,  in  the 
wall-lite  sides  of  which  every  inch  of  the  series  may  be  exam- 
ined. In  this  journey  we  ascended  in  the  geological  scale  from 
the  summit  of  the  Carboniferous  to  the  base  of  the  Cretaceous 
series.  Of  this  interval  there  is  no  portion  of  which  the  expos- 
ures are  not  as  complete  as  could  be  desired."  (Geol.  Ives* 
Exjped.,  p.  77.) 

This  aridity  is  not  peculiar  to  the  plateaus :  it  pertains  to  the 
Basin  Ranges,  and  in  a  less  degree  to  the  plains.  But  in  the 
ranges  the  most  arid  portions  are  the  valleys  between  the 
mountain  ridges,  and  these  are  filled  with  monotonous  Quater- 
nary gravels  and  clays,  which  hide  all  other  beds,  while  the 
ranges  themselves,  which  are  of  more  interest  to  the  geologist, 
catch  all  the  precipitation,  and  are  in  some  degree  clothed  with 
verdure. 

Second^  the  Drainage,  The  Plains  and  the  Plateaus  are  alike 
drained  by  great  rivers,  which  rise  in  lofty  mountain  regions, 
and  traverse  them  on  their  wav  to  the  sea ;  but  there  the  resem- 
blance ceases.  The  rivers  which  cross  the  Plains  flow  over 
them  in  broad  shallow  valleys.  The  soft  rocks  of  the  interven- 
ing benches  decay  more  rapidlv  than  they  are  undermined,  and 
their  rounded  outlines  are  clottied  with  soil.  But  the  Colorado 
and  its  branches  flow  across  the  Plateaus  in  deeply  carved,  nar- 
row cafions.  Where  the  iJreen  river,  which  is  tne  main  fork 
of  the  Colorado,  enters  the  Uinta  mountains,  it  is  2,000  feet  be- 
low the  adjoining  plateau,  and  where  the  Colorado  leaves  the 
plateaus,  it  emerges  from  a  gorge  4,000  feet  deep.  In  the  inter- 
val the  current  courses,  almost  without  exception,  between  high 
cafLon  walls.  Into  this  deep  channel  are  gathered  the  waters 
of  the  uplands.  Empowered  by  the  rapidity  of  its  descent, 
each  tributary  river  has  carved  a  cafion  of  ite  own,  and  so  too 
has  each  branch  and  creek  tributary  to  a  river,  until  the  whole 
tract  is  divided  by  a  labyrinth  of  ramifying  cafions.  When  the 
rain  falls — for  it  does  sometimes  fall  here — it  flows  down  rapidly 
into  the  gorges,  and  washes  with  it  the  loosened  particles  of 
disintegrating  rock.  Then  in  time  of  flood  the  deepening  wa- 
ters, constrained  to  a  narrow  channel,  rush  forward  with  impet- 
uous velocity  and  sweep  out  the  detritus.  The  rocks  of  the 
upland  are  removed  as  last  as  they  decay,  and  soil  cannot  accu- 
mulate. Thus  does  thorough  drainage  conspire  with  aridity  to 
prepare  for  the  geologist  a  land  of  naked  rock. 


20  O.  K  Oxibert—The  Colorado  Plateau  Province. 

No  less  important  to  the  student  are  the  caiions  themselves. 
Tbey  bear  the  same  relation  to  a  plain  that  ^eolo^cal  cross- 
sections  do  to  a  geological  map.  They  introduce  m  all  cate- 
gories of  observation  a  third  aimension,  and  enable  the  con- 
templation of  all  the  phenomena  of  structure  with  reference  to 
depth  as  well  as  lengtn  and  breadth. 

Thirds  Olacial  drift  and  Lava-sheets.  While  these  are,  in  them- 
selves, fertile  subjects  of  study,  they  are  also  obstructions  to 
observation,  in  so  fiEir  as  they  conceal  other  formations  from 
view ;  and  it  is  as  obstructions  that  I  here  refer  to  them. 

Moraines  are  unknown  in  the  S'Duthem  half  of  the  Plateau 
province,  and  in  the  northern  they  are  not  found  at  a  lower 
altitude  than  7,500  feet  The  few  that  exist  pertain  to  what 
were  local  glaciers.  There  was  no  general  ice-mantle.  The 
southern  limit  of  glacial  phenomena  is  in  north  latitude  38°  80', 
or  about  on  the  parallel  of  St  Loui&  In  the  epoch  of  ice  the 
climate  of  the  Plateaus  doubtless  bore  the  same  relation  to  that 
of  the  eastern  seaboard  that  it  does  now.  It  was  then,  as  now, 
a  little  colder  than  the  latter,  and  a  great  deal  drier;  and  it  was 
its  dryness  which  prevented,  even  at  an  altitude  of  some  thou- 
sands of  feet,  the  accumulation  of  such  a  deluge  of  ice  as  visited 
the  Atlantic  seaboard  in  the  same  latitude.  Only  on  the  high- 
est mountains  was  the  winter's  precipitation  in  excess  of  the 
summer's  melting. 

But  while  the  mantling  by  glacial  drift  is  inconsiderable, 
that  by  extravasated  material  is  of  great  extent  Some  of 
the  largest  continuous  lava  fields  of  our  country  belong  to 
the  Plateau  region.  A  field  in  southern  Utah  stretches  ninety 
mOes  from  north  to  south  and  seventy  miles  from  east  to 
west ;  and  the  corresponding  dimensions  of  one  in  New  Mex- 
ico and  Arizona  are  one  hundred  and  seventy-five,  and  one 
hundred  and  forty  miles.  Almost  coalescent  with  the  latter  is 
a  third  field  which  includes  the  San  Francisco  group  of  peaks 
in  Arizona.  Beneath  these,  and  beneath  minor  fiooos  of  lava, 
are  buried  a  tenth  part  of  the  sedimentary  rocks  of  the  Plateaus. 

In  brief,  the  strata  of  the  Plateau  r^on  are  exposed  with 
exceptional  thoroughness.  They  are  indebted  to  a  dry  climate, 
in  ancient  and  modern  times,  for  the  almost  entire  aosence  of 
glacial  drift,  and  for  the  suppression  of  vegetation.  They  are 
mdebted  to  peculiar  conditions  of  drainage  for  their  poverty  of 
soil,  talus,  and  local  drift,  and  for  a  system  of  natural  cross^ec- 
tions.  Their  chief  detraction  is  a  mere  restriction  of  their  area 
of  exposure  by  overlapping  lavas. 

nL  The  maUrial  for  study. 

It  remains  to  consider  the  nature  of  the  material  which  is  so 
fully  exhibited,  and  examine  its  claims  to  attention.  It  pertains 
chiefly  to  four  departments  of  geological  investigation,  viz: 
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Mountain  building  bj  displacement;  Mountain  building  by 
eruption ;  Stratigraphy ;  and  Erosion ;  and  will  be  discussed 
under  these  heads,  in  the  order  indieated.* 

Mountain  building  by  di-piacement  The  Plateau  Province 
differs  from  the  mountain  provinces  by  which  it  is  surrounded 
in  the  degree  and  not  in  the  kind  of  disturbance  to  which  its 
sediments  have  been  subject  Faults  and  folds  abound  througb 
its  whole  extent,  but  they  are  comparatively  of  great  simplicity. 
They  are  indeed  eo  simple  that  they  can  be  completely  known. 
Their  entire  phenomena  may  be  comprehended,  measured,  de- 
scribed, and  delineated.  The  course  of  many  a  fault  can  be 
traced  from  end  to  end,  and  its  throw  measured  at  every  step. 
The  Torm  of  many  a  fold  can  be  determined  thoughout,  and 
pictured  or  modelled  in  miniature,  with  every  detail  of  flexure. 

Now,  faults  and  folds  are  the  elements  of  the  displacements 
which  give  rise  to  mountains,  and  to  study  them  is  to  study 
the  very  rudiments  of  mountain  structure,  and  to  acquire  a 
knowleage  of  monntain  structure  is  to  lay  the  indispensable 
geological  foundation  for  a  true  theory  of  the  origin  of  moun- 
tains. Hence  the  value  of  this  opportunity  to  study  the  elements 
of  displacement  in  an  uncombined  condition,  and  in  their  sim- 
plest compound  forma  To  enforce  this  proposition,  which  is 
of  more  importance  than  might  at  first  appear,  I  will  take  an 
illustration  trom  the  material  already  gathered,  and,  to  do  so,  it 
will  be  necessary  to  explain  one  or  two  terms  that  have  bad  to 
be  coined  to  describe  the  new  group  of  facts. 

In   an  anticlinal   fold    the  i 

strata  dip  in  two  directions 
away  from  the  axis.  In  a 
synclinal  fold  the  strata  dip  , 
from  two  directions  toward 
the  axis.  There  is  in  nature  ' 
a  third  type,  which  involves 
a  dip  in  only  one  direction. 
This  is  the  monoclinal  fold.  It  is  a  double  flexure,  connecting 
strata  at  one  level  with  the  same  strata  at  another  level.  Id 
figure  1,  the  curvature  between  aa  and  bbis  a  monoclinal  fold, 
*  The  writer  ^ftvelled,  daring  three  emniiiera,  with  9eld  parUes  of  the  Suner 
in  ohATKB  of  Ueal  Qeorge  H.  Wheeler  of  the  U.  3.  En^eerB,  and  during  a  tourOi 
with  a  field  pwt7  ot  the  Surrey  In  charge  of  Major  J.  W.  PowelL  Hii  reports  to 
Ueot.  Wheeler  are  publiahed  in  the  tliird  Tolome  of  the  reports  of  "  ^plorationa 
aad  Surreyi  west  of  the  100th  meridiao."  Besides  his  own  obaerrationa,  the  chief 
■onrocfl  from  which  he  has  derived  the  material  here  presented,  sre :  1,  The  ob- 
■emtiona  of  Major  J.  W.  Powell,  published  1»  his  report  on  the  "  Exploration  of 
the  Colorado  Biver  of  the  West  and  its  tributoriee ;"  and,  in  part  unpublished.  3 
•nd  3.  The  obaerrationa  of  If  r.  B.  E.  Howell  and  of  the  late  Ur.  A.  R.  Marrine, 
pnblialied  In  Tol.  ili,  of  Lieut  Wheeler's  Reports,  and  in  part  unpublished.  4.  The 
obMrvaUons  of  Dr.  J.  S.  Newberrj,  publiahed  iu  Ivee'  "  Ezploratdooa  of  the  Colo- 
rado," and  Id  put  unpublished.  G.  The  writiuga  of  Kr.  Cl^euoe  King,  "  FortiMh 
Paidlel  Sorre;,"  vol  ill.  6.  lb.  T.  B.  Oomatoci'B  report  in  tlie  IT.  B.  Enginears* 
«  Beoonnusaanoe  of  northwestern  Wjomlng."  T.  Prol  B.  D.  Oope'e  report  to 
UenL  Wbeeler,  published  in  the  IT.  B.  Engineer  report  for  laib. 
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2. 


It  is  evident  that  if  two  monoclinal  folds  are  combined  back 
to  back,  the  result  will  be  an  anticlinal ;  if  they  are  joined  foot 
to  foot,  they  will  form  a  synclinal.  Hence  the  monoclinal  fold 
is  a  simpler  element  of  displacement  than  either  of  the  others. 
When  a  portion  of  the  earth's  crust— it  may  be  one  that  is 
measured  by  miles,  or  one  that  is  measured  only  by  feet — is 
moved  bodily  either  up  or  down,  while  the  portion  ac^'acent  to 
it  is  not  so  moved,  the  line  along  which  they  adjoin,  will  be 
marked  by  a  fault,  by  a  monoclinal  fold,  or  by  some  combina- 
tion of  the  two.  The  fault  and  the  monoclinal  fold  are  alter- 
native manifestations  of  simple  displacement,  and  are,  in  a  cer- 
tain sense,  equivalent  There  are  several  diflFerent  ways  in 
which  t;hey  are  combined  with  each  other.  If  one  travels  along 
the  line  of  displacement  that  separates  two  blocks  of  strata 
which  stand  at  different  levels ;  he  may  find  that  at  one  point 
the  beds  are  continuous,  and  curve  downward  from  the  upper 
level  to  the  lower;  and  that  at  another  point  they  are  broken 
across,  and  the  dissevered  edges  have  slidden  past  each  other. 

Or,  if  one  could  descend 
into  the  earth  along  the 
plane  of  dislocation,  he 
might  find  that  one  stra- 
tum had  been  fractured, 
while  another,  less  rigid, 
or  coerced  perhaps  by  a 
greater  pressure  of  super- 
incumbent rock,  had  been  only  flexed.  A  third  mode  of  com- 
bination is  exhibited  when  a  bed  yields  at  first  by  flexure,  and 
is  finally  fractured  before  the  completion  of  the  dislocation. 
These  phenomena  are  illustrated  by  figure  2,  which  is  an  ideal 
representation  of  two  blocks  of  strata,  A  and  B,  cut  out  from 
their  surroundings,  so  as  to  exhibit  the  manner  of  their  relative 
displacement  The  front  of  the  segment  shows  a  flexed  bed 
unaerlying  a  faulted  one.  The  top  of  the  segment  shows  a  fault 
at  the  front,  a  monoclinal  fold  at  the  back,  and  a  compound 
displacement  midway. 

The  monoclinal  fold  is  not  unknown  in  other  parts  of  the 
world,  but  it  has  attracted  little  attention,  and  I  am  not  aware 
that  it  has  been  described  as  abundant  in  any  region.  But  in 
the  region  of  the  Plateaus  it  is  not  merely  a  feature  of  occasional 
occurence ;  it  is  a  characteristic  type  of  displacement,  and  is 
rivalled  in  frequency  only  by  the  fault 

Let  us  now  turn  from  the  displacements,  to  the  disturbed 
masses  of  rock  which  they  divide.  A  fault  or  a  monoclinal 
fold  is  merely  the  record,  at  the  margin  of  a  solid  block,  of  a 
movement  that  has  affected  the  entire  block,  and  it  bears  the 
same  subsidiary  relation  to  the  movement  of  the  block,  that  a 
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line  bears  to  the  angle  or  area  which  it  limits  and  defines.  A 
large  portion  of  the  Plateau  region  is  divided  into  great  blocks 
— usually  a  few  miles  in  width  and  many  miles  in  length — and 
these  have  been  unequally  lifted  above  the  ocean  which  de- 
posited their  common  sediments,  so  that  each  differs  from  its 
neighbor  in  altitude.  They  are  bounded  by  lines  of  displace- 
ment The  blocks  which  have  been  lifted  highest  have  been 
most  exposed  to  erosive  agencies,  the  tendency  of  which  is  to 
pare  away  eminences  and  reduce  all  to  a  common  level :  but  as 
a  rule,  the  highest  plateaus  mark  the  positions  of  blocks  that 
have  risen  above  their  neighbors.  The  forms  of  many  blocks 
are  perfectly  portrayed  in  the  topography,  and  all  can  readily 
be  traced  out  and  defined  by  the  study  of  the  displacements. 

In  illustration  I  have  borrowed,  through  the  kindness  of 
Major  Powell,  a  wood-cut  from  his  report  of  the  "Exploration 
of  the  Colorado,**  and  if  the  reader  will  examine  it  attentively, 
he  will  obtain  a  clearer  idea  of  the  structure  I  have  describea, 
than  I  can  hope  to  convey  in  worda  The  sketch  is  not  an 
ideal  one,  but  was  carefully  drawn  to  represent  a  tract  of 
country,  lying  in  Utah  and  Arizona,  of  which  the  main  geolog- 
ical features  are  clearly  understood.  The  geological  section  in 
the  foreground  is,  in  the  main,  the  section  which  is  exposed  in 
the  walls  of  the  Grand  Cafion,  and  is  106  miles  long.  The 
vertical  scale  is  four  times  as  great  as  the  horizontal.  The  base 
line  marks  the  level  of  the  ocean,  and  the  dotted  line  the 
level  of  the  Colorado  river.  The  rock  bed  marked  with  small 
circles  stands  for  the  Lower  Aubrey  Group,  a  member  of  the 
Carboniferous  System ;  the  one  above  it  for  the  Upper  Aubrey 
Group,  also  Carboniferous,  and  the  dotted  stratum,  seen  at  the 
right,  is  the  so-called  Trias.  In  the  bird's-eye  view  beyond  the 
section,  the  foreground  is  of  plateaus  floored  by  the  limestone 
of  the  Upper  Aubrey,  and  beyond  rise  terraces  built  of  Triassic 
and  more  recent  strata.  Five  displacements  are  exhibited. 
Beginning  at  the  left :  the  Hurricane  displacement  is  a  fault 
where  it  is  intersected  by  the  section,  and  has  a  throw  of  2,600 
feet  Seventy  miles  farther  north  it  is  a  combination  of  fault 
and  fold.  The  throw  of  the  To-ro'-weap  fault  is  only  800  feet, 
and  it  disappears  altogether  in  a  few  miles.  The  West  Kai'-bab 
displacement  is  a  monoclinal  fold  as  far  as  it  appears  in  the 
sketch,  but  farther  south  it  changes  to  a  fault.  Its  throw  is 
2,000  feet  The  East  Kaibab  displacement  is  a  double  mo- 
noclinal fold  in  the  foreground  but  a  single  one  in  the  distance. 
Its  total  throw  is  8000  feet.  The  throw  of  the  Paria  displace- 
ment is  1800  feet  It  is  known  only  as  a  simple  fold.  Along 
the  lines  of  the  first  three  displacements  the  eastern  wall  has 
risen,  or  the  western  has  fallen ;  but  with  the  remaining  two 
the  reverse  is  the  case.  .  ^  i  " 

[To  be  oontinuecL]  ^'^ ».  V    *        ^ 


C  O.  Rockwood — Beceni  American  Earthquakes.  25 


Art.  III. — Notices  of  Recent  American  Earthquakes — No.  6 ;  by 
Pro£  C.  G.  Rockwood,  Jr.,  Rutgers  College. 

In  the  following  notices,  facts  given  by  single  newspaper 
reports,  and  which  could  not  be  otherwise  verified  are  printed 
in  smaller  type,  and  the  source  from  which  they  were  obtained 
is  indicated. 

For  information  received  I  am  indebted  to  John  M.  Batch- 
elder,  of  Boston,  and  Samuel  Barnet,  of  Washington,  Ga, 

1874. 

May.— The  disturbances  at  Bald  Mountain,  N.  C,  in  February 
and  March,  already  noticed  (III,  ix,  p.  d32j  were  reported  as  con- 
tinning  at  intervals  during  the  months  of  April  and  May.  (U.  S. 
Signal  Service.) 

July  23. — A  light  shock  at  Camp  Russell,  Neb.  (U.  S.  Sign. 
Serv.) 

Aug.  8. — Daring  the  evening  a  light  shock  from  the  east  at 
Clifton,  San  Bernardino  Co.,  Cai.     (TL  S.  Sign.  Serv.) 

Dec.  12. — A  slight  shock  between  10  and  11  P.  M  at  Garri- 
son's, N.  Y. 

1875. 

January. — ^Earthouakes  preceded  and  accompanied  an  erup- 
tion of  the  volcano  Trdlladyngja,  in  the  central  part  of  Iceland. 
The  volcanic  disturbance  appears  to  have  begun  by  subterra- 
nean thunders  during  December,  1874,  extending  through 
nearly  two-thirds  of  the  island.  Early  in  January,  1875,  eartn- 
quakes  occurred  in  all  directions  and  then  an  old  extinct  vol- 
cano near  Vatrayskud  opened  and  for  four  weeks  continued  to 
emit  ashes,  lava,  etc.  When  this  eruption  ceased,  another  ex- 
tinct volcano  near  My  vatu,  100  miles  farther  north,  opened  and 
continued  in  action  for  several  weeks.  Both  of  these  eruptions 
occasioned  great  destruction  of  life  and  property.  Early  in 
March  there  seemed  to  be  a  general  upheaval  of  the  earth  in 
the  whole  central  portion  of  the  island.  The  ashes  from  these 
or  still  later  eruptions  fell  to  the  depth  of  several  inches  on  the 
coast  of  Norway  in  the  latter  part  of  April.  It  is  stated  that 
"  the  geysers  have  dried  up  since  the  eruption  began,  and  in- 
stead of  water  emitted  quantities  of  hot  smoke  and  ashes." 

Jan.  24. — A  heavy  shock  at  4  A.  M.  in  Butte,  Plumas,  and 
Sierra  counties,  Cal. ;  felt  also  at  Sacramento,  Cal.,  and  Carson 
City,  Nev.,  where  two  shocks  were  reported,  the  first  light,  the 
second  quite  severe  and  lasting  several  seconds.  The  direction 
was  from  the  northeast 

Feb.  7. — Two  severe  shocks  at  San  Francisco,  Cal.,  the  first 
at  10.56  and  the  second  at  11.50  A.  M.,  each  lasting  two  to  four 
seconds.    (U.  S.  Sign.  Serv.) 
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Feb.  16. — ^A  shock  at  Orezava  and  Minatitlan  on  the  Isthmus 
of  Tehuantepec     (J.  M.  B.) 

Feb.  11  and  18. — A  letter  from  Guadalajara,  Mex-,  dated 
March  2,  1875,  says:  "Since  the  11th  ult  we  have  had  almost 
continually  slight  shocks  of  earthquake.  In  all  we  have  had 
but  four  very  severe  shocks;  the  first  (two?)  on  the  night  of 
the  11th  and  two  on  the  18th.  The  majority  of  the  churches 
in  Guadalajara  are  greatly  damaged.  In  San  Cristobal,  a  small 
village  about  eight  leagues  from  this  city,  85  or  40  lives  have 
been  lost  and  nearly  all  the  houses  reduced  to  ruins." 

March  9  and  10. —The  same  writer  says  under  date  of  March 
10:  "The  earthquakes  continue.  We  had  one  yesterday  that 
lasted  three  minutes,  not  severe.  We  felt  a  sharper  one  to-day 
at  1.20  p.  M.  but  it  only  lasted  a  few  seconds." 

March  9. — A  shock  at  Phoenix,  R.  I.     {J.  M.  B.) 
April  1. — A  heavy  shock  in  the  evening  at  Eureka,  Nev.     (J. 
M.  B.) 

May  6.— A  shock  at  Wolfborough,  N.  H.     (J.  M.  B.) 

May  15. — A  slight  shock  about  10.15  A.  M.  at  Cambridge, 
West  Roxbury  and  Milton,  Mass. 

May  18. — A  very  destructive  earthquake  occurred  at  10.10 
A.  M.  in  the  Colombian  Andes.  The  area  affected  extends  from 
Carthagena  and  Maracaybo  on  the  north  to  Bogota  and  Honada 
on  the  south,  over  six  degrees  of  latitude.  The  center  of  dis- 
turbance was  at  the  city  of  San  Jos6  de  Cucuta.  This  is  a  city 
of  Venezuela,  situated  on  the  border  of  New  Grenada,  in  N. 
lat  7°  30',  W.  long.  72°  10',  and  before  the  catastrophe  had  a 
population  of  18,000.  It  is  between  the  two  ranges  of  the  Andes 
which  unite  not  very  far  south  of  the  city.  The  first  premoni- 
tion of  the  disturbance  at  Cucuta  was  a  subterranean  rumbling 
noise  heard  on  the  night  of  the  17th,  but  unattended  by  any 
tremors.  At  11.10,  (some  accounts  11.80)  on  the  forenoon  of 
the  18th  two  tremendous,  shocks  of  earthquake  occurred  fol- 
lowed after  a  short  interval  by  three  others  of  nearly  equal 
intensity.  By  these  shocks,  the  city  and  most  of  the  surround- 
ing villages  within  a  radius  of  twenty  miles  were  completely 
destroyed,  with  great  loss  of  life  ana  property.  In  Cucuta 
only  one  building  remained  standing;  and  in  San  Cristobal 
(population  11,000)  only  one  house  was  left  and  that  so  shat- 
tered as  to  be  unsafe. 

The  destruction  involved  nine  villages  in  Venezuela,  chiefly 
in  the  department  of  Merida,  and  ten  in  New  Grenada  in  the 
departments  of  Santandar  and  Pamplona.  The  loss  of  life  is 
estimated  at  5000,  and  of  property  at  $7,000,000.  Immedi- 
ately after  the  first  shocks,  the  Lobotera  volcano,  near  the  city, 
began  to  emit  masses  of  molton  lava,  which  falling  in  the  city 
set  fire  to  the  ruins,  and  thereby  added  to  the  destruction,  the 
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horrors  of  which  were  still  farther  eDhanced  by  the  pillage  and 
robbery  which  took  placa  Lighter  shakings  were  felt  in  vari- 
ous parts  of  this  region  for  a  number  of  days  after  the  first 
shock.  Thus  advices  from  Maracaybo,  May  29,  pay:  ** Light 
shakes  here  every  day  since."  Tn  Cucuta,  Truiillo,  Merida, 
and  Mendoza,  "  tremors  perceptible  at  intervals  for  forty-eight 
hours."  A  telegram  from  Bucaramanga,  May  24,  says :  "The 
earthquake  continued  last  night  The  cathedral  in  Pamplona 
fell."  A  telegram  from  Chiguinquira,  May  22,  says:  **the 
shocks  are  repeating.  Two  last  night,  one  to-day.  It  was 
noticed  as  a  remarkable  fact  that  the  disturbance  was  only  felt 
on  the  west  side  of  the  mountain  range. 

May  18. — A  prolonged  shock  just  before  midnight  at  St 
Thomas,  W.  L     (J.  M.  B.) 

May  30. — Advices  of  this  date  from  City  of  Mexico  say : 
"  slight  shocks  have  been  felt  in  Jalisco."     (N.  Y.  Times.) 

June  4. — A  shock  at  8  A.  H.  felt  on  board  the  ship  Hamilton 
in  N.  lat  19^  16',  W.  long.  57^  51'.  "When  the  disturbance 
first  began  the  sea  was  quite  smooth,  but  as  the  shock  increased 
in  violence  the  waters  became  correspondmgly  agitated.  Sud- 
denly the  vessel  received  a  shock  as  if  she  had  grounded,  and 
a  peculiar  rumbling  noise  filled  the  air.  Simultaneously  with 
the  shaking  the  sky  assumed  a  dull  leaden  hue.  The  atmo- 
sphere was  also  thick  and  hazy.  There  was  little  if  any  wind 
at  the  time,  yet  the  vessel  was  tossed  about  as  though  in  the 
midst  of  a  gale.  The  duration  was  lon^  enough  to  enable 
those  who  were  below  to  reach  the  deck,  estimated  as  fully 
ten  minutes." 

June  18. — Several  shocks  at  Chinaltenango,  San  Salvador. 

June  16. — ^A  shock  at  San  Francisco,  CaL     (J.  M.  B.) 

June  18. — A  shock  in  the  forenoon  in  western  Ohio  and 
Indiana.  It  was  most  severe  in  the  vicinity  of  Urbana  and 
Sidney,  Ohio,  where  walls  were  cracked,  chimneys  thrown 
down,  etc. ;  but  it  was  sensibly  felt  at  Columbus,  O.,  and  In- 
dianapolis, Vincennes  and  JeflFersonville,  Ind.,  and  slightly  at 
Cincinnati  and  Chicago.  It  was  not  felt  at  Terre  Haute,  nor 
in  the  vicinity  of  Lafayette  and  Logansport,  Ind.  The  state- 
ments in  regard  to  time  are  various  and  contradictory.  The 
United  States  Signal  Service  Observer  at  Indianapolis  reports 
the  shock  as  occurring  at  7.48  a.  m.  All  other  accounts  vary 
from  9  to  11  A.  M.     No  account  mentions  more  than  one  shock. 

Slight  shocks  were  felt  in  San  Francisco  on  the  same  forenoon. 

July  8. — Three  shocks  at  12.05  P.  M.  at  Nuevitas,  Cuba. 
The  nrst  and  last  slight,  the  second  rather  severe,  the  whole 
lasting  about  fourteen  seconds.     (N.  Y.  Times.) 

July  28. — A  shock  at  4.10  a.  m.  felt  quite  generally  through- 
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out  the  northwestern  part  of  Connecticut  It  extended  from 
Hartford  and  Springfield  on  the  east  to  the  line  of  the  Housa- 
tonic  R  R  on  the  west,  and  from  Danbury  and  Waterbury  on 
the  south,  to  Chester  and  Becket,  Mass.,  on  the  north,  being 
felt  at  numerous  places  in  Litchfield  and  Hartford  counties. 
At  most  places  the  shock  was  preceded  or  accompanied  by  a 
rumbling  noisa  At  Collinsville  it  lasted  fifteen  seconds.  At 
Winsted  it  is  stated  to  have  lasted  forty  seconds,  the  sound 
coming  from  the  north  and  passing  away  toward  the  south. 

July  28. — A  shock  at  6.05  p.  m.,  at  Milledgeville,  6a.,  with  a 
loud  explosion.     (Atlanta  Herald.) 

July  8 1 . — Advices  of  this  date  from  the  City  of  Mexico,  report 
an  earthquake  in  Jalisco.     (N.  Y.  Times). 

Aug.  3. — A  shock  at  3  a.  m.  in  St  Thomas,  W.  I. 

Aug.  8. — A  heavy  shock  in  the  morning  at  Hollister,  Cal.  (J. 
M.  B.) 

Aug.  29. — A  shock  was  felt  at  8.30  P.  M.,  on  board  the  bark 
St  Lawrence,  in  N.  lat  IS"*  50',  W.  long.  61°  30',  being 
between  St  Thomas  and  the  Island  of  St  Bartholomew,  14^ 
miles  from  land.     It  lasted  thirty  seconds.     (N.  Y.  Herald.) 

Sept  17. — Three  shocks  at  St.  Vincents,  W.  I.  The  last  about 
9  p.  M.  was  rather  severe.     (London  Times  Correspondence.) 

Sept  25. — A  shock  about  9  p.  m.  at  Stepney,  Conn.  (New 
Haven  Palladium.) 

Oct.  7. — Slight  shocks  at  Memphis,  Tenn.,  and  Cairo,  111.  (U. 
S.  Sign.  Serv.) 

Oct  14. — A  sharp  shock  about  6  P.  M.  at  San  Francisco,  and 
in  the  Santa  Clara  Valley,  CaL  The  vibrations  were  from 
east  to  west  Reports  from  various  points  on  the  coast  from 
Santa  Cruz  to  Cape  Mendocino,  mention  a  heavy  sea  without 
wind,  and  the  waves  rolling  up  on  the  beach  100  to  300  feet 
beyond  the  usual  high  water  mark,  for  several  days  after  the 
above.  From  this  it  might  be  inferred  that  this  earthquake 
had  its  origin  somewhere  in  the  Pacific  Ocean. 

Oct.  15. — A  shock  at  1  A.  M.  at  Eangston,  Jamaica,  W.  I.  (J. 
M.  B.) 

Oct  27. — Three  shocks  in  the  night  at  Memphis,  Tenn. ; 
strong  enough  to  rattle  windows.  Also  a  shock,  probably  the 
same,  at  9  P.  M.  at  Purdy,  McNairy  Co.,  Tenn. 

Oct  31. — A  slight  shock  at  9.18  P.  M.  at  Cambridge,  Mass., 
of  three  or  four  seconds  duration.     Barometer  29*70  in. 

Nov.  1. — A  somewhat  severe  earthquake  was  felt  at  9.55 
p.  M.,  in  the  northern  part  of  Georgia.  It  was  felt  at  Gaines- 
ville, Atlanta,  Madison,  Athens,  Union  Point,  Washington, 
Augusta,  Forsyth  and  Macon,  Ga.,  and  at  Spartanburg  and 
Columbia,  S.  CC    It  lasted  about  thirty  seconds,  and  at  Wash- 
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ington  and  Augusta  some  observers  noticed  two  or  three  shocks. 
A  rumbling  was  heard  at  the  former  place.  The  reports  of  the 
direction  of  vibration  are  too  contradictory  to  be  bnefly  stated. 
No  damage  was  done,  but  the  shock  was  sufficiently  strong 
"  to  cause  a  mirror  to  nod  back  and  forth  from  the  wall." 

Nov.  2. — Advices  of  this  date  from  San  Francisco  say  :  **  A 
severe  shock  of  earthquake  is  reported  at  Fort  Yuma  on  the 
Colorado  River." 

Nov.  7. — A  heavy  shock  in  San  Benito  County,  CaL,  accom- 
panied by  a  harsh  rumbling  noise.  The  direction  of  vibration 
was  from  east  to  west 

Nov.  8. — A  shock  at  4.40  A.  M.,  felt  at  Leavenworth,  Law- 
rence, Burlingame  (direction  S.W.  to  N.E.),  and  Manhattan, 
Kansas.  At  the  latter  place  the  time  was  "  about  5  A.  M.,"  the 
direction  west  to  east  and  lasting  a  minute. 

Nov.  12. — A  shock  at  2  A.  M.  at  Knoxville,  Tenn.,  lasting 
ten  seconds.  The  vibration  was  from  west  to  east,  and  accom- 
panied by  a  rumbling  noise. 

Nov.  14. — A  shock  at  San  Francisco  and  San  Jose,  Cal.  (U.  S. 
Sign.  Serv.) 

Nov.  15. — A  smart  shock  at  7.55  P.  M.  at  San  Francisco, 
Cal. ;  vibrations  east  and  west 

Nov.  27. — A  shock  at  San  Francisco,  Cal.     (U.  S.  Sign.  Serv.) 

Dec.  1. — Two  slight  shocks  at  4  and  6  a.  m.  at  Keene,  N.  H. 

Dec  8. — A  heavy  shock  in  the  afternoon  at  Grass  Valley, 
Cal.,  lasting  ten  seconds,  vibrations  north  and  south.  Felt 
slightly  at  3  P.  M.  at  Carson  City,  Nev. 

Dec.  4. — The  town  of  Abancay,  Peru,  was  destroyed  by  an 
earthquake,  '*  between  4  p.  M.  of  the  4th  and  9  A.  M.  of  the  5th, 
no  less  than  thirty-seven  shocks  occurred,  some  of  them  very 
severe  "  This  town  is  east  of  the  Andes  and  some  fifty  miles 
from  Cuzco. 

Dec.  8. — On  the  night  of  the  8th  and  9th,  an  earthquake 
occurred  in  Porto  Rico  by  which  the  town  of  Arecibo  was 
almost  entirely  destroyed,  **  two  churches  and  only  six  houses 
remaining." 

Dec.  8. — On  the  same  day  as  the  preceding,  hour  not  stated 
but  apparently  about  breakfast  time,  the  bark  Mora  experienced 
an  earthquake  at  sea  in  N.  lat  10°  7',  W.  long.  42^ 

Dec.  9. — A  slight  shock  at  3  A.  H.  at  Nebraska  City,  Neb. 

Dea  15. — ^A  shock  at  2.45  p.  m.  at  Maricopa  Wells,  Arizona 
Terr.     (XJ.  S.  Sien.  Serv.) 
Dec  21. — A  snock  at  Santa  Barbara,  Cal.     (U.  S.  Sign.  Serv.) 

Dec.  22. — An  earthquake  was  felt  about  11.45  P.  M.  in  Vir- 
ginia. It  was  most  severe  at  Richmond  and  vicinity,  where 
three  distinct  shocks  were  noticed,  lasting  twenty  or  thirty 
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seconds,  and  accompanied  by  a  rumbling  noise.  The  shocks 
"  were  not  sharp  or  sudden,  but  coming  on  rather  slowly,  swell- 
ing in  force,  and  then  quickly  dying  out"  The  direction  of  the 
vibration  was  north  and  south,  and  it  was  suflBciently  strong  to 
knock  down  plastering,  etc.  It  was  felt  toward  the  north  as 
far  as  Washington  ana  Baltimore,  and  toward  the  northwest  at 
Staunton  and  Gordonsville,  at  which  latter  place  the  time  is 
stated  at  11.80,  and  the  duration  "fully  three  seconds."  The 
U.  S.  Signal  Service  reports:  "Two  shocks  at  11.80  at  Fortress 
Monroe,  Va. ;  about  1 1.30  at  New  Market,  Ind. ;  shock  lasting 
twenty  seconds  at  11.45  at  Greensboro,  N.  C. ;  two  shocks  from 
east-southeast  to  north-northwest,  the  first  lasting  five  or  six 
seconds,  the  second  not  quite  so  heavy  at  11.40  (Washington 
time)  at  Alto  Vista,  Va. ;  two  shocks  from  east  to  west,  first 
lasting  ten  or  fifteen  seconds,  the  second  milder,  at  11.33  at 
Petersburg,  Va. ;  shock  from  northeast  to  southwest  with  rush- 
ing roaring  noise  at  Weldon,  N.  C." 

Dec.  23. — A  shock  at  night  in  Placer,  Nevada  and  Yuba 
Counties,  Gal. 

Dec.  24. — A  shock  in  the  evening  at  Grass  Valley,  Cal.  (N. 
Y.  Times.) 

1876. 

Jan.  7. — Three  shocks  at  the  Island  of  St.  Thomas,  W.  I ,  in 
the  morning,  "  the  first  at  about  four  o'clock,  the  second  at 
about  half  past  four,  which  was  very  severe,  and  the  last  three 
minutes  later."     (Newark  Daily  Advertiser.) 

Jan.  7. — A  shock  at  2.20  P.  M.  at  Warner  and  Contoocook- 
ville,  N.  H.  Its  apparent  course  was  from  west  to  east  and  its 
duration  two  minutes. 

Jan.  8. — A  shock  at  4.30  p.  m.  at  Lockport,  N.  Y.  (U.  S. 
Sign.  Serv.) 

Jan.  15. — A  severe  shock  at  midnight  at  China,  Me. 
Jan.  21. — A  shock  between  3  and  4  A.  M.  at  San  Jos^,  Santa 
Cruz  and  San  Francisco,  Cal.     (U.  S.  Sign.  Serv.) 

Jan.  27. — ^Two  shocks  at  Adrian,  Mich.     (XJ.  S.  Sign.  Serv.) 
Jan.  29.— A  shock  at  9.05  p.  m.  at  Annapolis,  Md.     (U.  S. 
Sign.  Serv.) 
Feb.  7. — A  shock  in  the  City  of  Mexico.     (U.  S.  Sign.  Serv.) 

Feb.  27.— ^ A  shock  at  Detroit,  Mich. 

March  25. — Two  slight  shocks  at  6  a.  k.  and  1  p.  m.  at  Oakland, 
Cal.     (U.  S.  Sign,  Serv.) 

April  10. — A  shock  was  felt  in  a  large  portion  of  St.  Mary's 
County,  Md.,  attended  by  a  rumbling  sound.     (N.  Y.  Times.) 

New  Brunswick,  N.  J.,  May  3,  1876. 
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Art.  IV. — On  RoscoelUe^  a  Vanadium  Mica;  by  Jahes  Blake, 

M.D.,  San  Francisco,  California. 

The  mineral,  to  which  I  have  given  the  name  of  Roscoelite, 
— in  honor  of  Professor  Boscoe,  of  Manchester,  who  has  done  so 
much  for  the  chemical  history  of  vanadium, — is  a  well  marked 
species  of  mica,  containing  quite  a  lai^e  percentage  of  vanadiuuL 
It  was  found  in  a  gola  mine  at  Granite  Creek,  El  Dorado 
County,  in  the  lower  hills  on  the  western  slope  of  the  Sierra 
Nevada.  It  occurs  in  the  hanging  wall  of  a  small  quartz  vein, 
the  country  rock  being  porphyry.  The  mica  appears  to  have 
been  principally  deposited  in  fissures  in  the  porphyry,  and  is 
usually  found  in  layers  from  a  tenth  to  half  an  inch  thick,  and 
seldom  extending  continuously  for  more  than  two  or  three 
inches.  It  is  also  found  filling  cavities  in  the  quartz.  The 
crystals  are  quite  brilliant,  of  a  dark-green  color,  seldom  more 
than  01  inch  long,  and,  when  occurnng  in  6ssures,  form  two 
series  starting  from  each  side  of  the  fissure  and  meeting  in  the 
center.  They  are  also  found  in  nodules  with  a  stellar  arrange- 
ment, more  particularly  in  the  cavities  of  the  quartz.  They  are 
strongly  doubly  refracting.  Sp.  gr.  2*88.  They  weather  into  a 
liffht  yellow  wacke.  The  whole  thickness  of  the  vein-matter  in 
which  the  mica  is  found  is  not  more  than  a  few  inches.  The 
mine  in  which  it  occurs  has  been  worked  for  gold,  and  it  is  in 
these  micaceous  deposits  that  the  greater  part  of  the  gold  is 
found.  Some  portions  are  extremely  rich,  as  much  as  $240 
having  been  washed  out  from  a  single  panfull ;  and  while  at 
the  mine  I  saw  $40  taken  from  a  few  handsfull.  The  gold  is 
commonly  found  in  the  form  of  fine  scales  which  have  been 
deposited  between  the  crystals  of  the  mica.  So  generally  is  it 
diffused  that  it  is  impossible  to  find  a  piece  of  the  mica  as  large 
as  a  bean  that  does  not  contain  gold.  The  mine  is  worked  by 
means  of  an  open  cut,  now  about  30  feet  deep  and  150  feet  long. 

The  most  interesting  fact  connected  with  this  mineral  is  the 
large  proportion  of  vanadium  it  contains,  and  that  too,  in  a  form 
in  which  it  has  not  before  been  found,  unless  the  small  traces 
of  it  detected  in  some  basalts  should  be  part  of  an  analogous 
compound.  When  I  first  discovered  the  mineral,  I  expected  to 
find  a  mica  rich  in  chromium,  and,  on  heating  some  of  it  in  a 
test  tube  with  HCl,  I  obtained  a  green  solution.  Finding  that 
by  continued  boiling  with  acid  the  whole  of  the  color  was  en- 
tirely removed  from  the  mica,  I  availed  myself  of  this  method 
to  determine  the  quantity  of  what  I  considered  to  be  chromium ; 
fusing  the  residue  from  the  acid  solution  with  carbonate  of 
soda  and  niter,  and  precipitating  with  lead,  I  also  ascertained 
the  amount  of  the  alkalies ;  and,  in  presenting  some  specimens 
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of  the  substance  to  the  Microscopical  Society  and  at  the  Acad- 
emy of  Sciences  of  California  in  September,  I  made  the  gene- 
ral statement  that  it  was  a  potash-mica,  containing  28  per  cent 
chromic  oxide  and  traces  of  lithia.  It  was  not  until  I  had  sent 
a  specimen  of  the  mineral  to  Dr.  Genth  to  analyze  that  the  pres- 
ence in  it  of  vanadium  was  discovered,  and  to  him  is  due  the 
entire  credit  of  having  first  detected  the  true  character  of  this 
interesting  mineral.  I  have  availed  myself  of  the  action  of 
nitroh^ydrochloric  acid  on  the  mineral  to  prepare  a  considerable 
quantity  of  vanadic  compounds  for  physiological  experiment, 
as  this  afifbrds  about  the  easiest  method  of  obtaining  vanadic 
acid,  although  it  is  impossible  thus  to  extract  all  the  vanadium 
from  the  mica. 


Art.  V. — On  some  American  Vanadium  Mtnerab;  by  F.  A. 

Genth. 

1.  jRoseoelUe. 

I  am  indebted  to  Dr.  James  Blake  of  San  Francisco,  Cali- 
fornia, for  a  small  quantity  of  the  very  interesting  mineral, 
which  he  called  **  Roscoelite,"  in  honor  of  Professor  Boscoe, 
whose  important  investigations  have  put  vanadium  in  its  proper 
place  among  the  elements. 

Roscoelite  occurs  in  small  seams,  varying  in  thickness  from 
iV  ^  T «  of  an  inch  in  a  decomposed  yellowish,  brownish  or 
greenish  rock.  These  seams  are  made  up  of  small  micaceous 
scales,  sometimes  ^  of  an  inch  in  length,  mostly  smaller  and 
frequently  arranged  in  stellate  or  fen-shaped  groups.  They 
show  an  eminent  basal  cleavage.  Soft  The  specific  gravity 
of  the  purest  scales  (showing  less  than  one  per  cent  of  impuri- 
ties) was  found  to  be  2 '938;  another  specimen  of  less  purity 
rave  2'92l.  Luster  pearly,  inclining  to  submetallic.  Color 
dark  clove-brown  to  greenish-brown,  sometimes  dark  brownish- 
green. 

Before  the  blowpipe  it  fuses  easily  to  a  black  glass,  color- 
ing the  flame  slightly  pink.  With  salt  of  nhospnorus  gives 
a  skeleton  of  silicic  acid,  a  dark  jellow  bead  in  tne  oxidizing 
flame,  and  an  emerald-green  bead  m  the  reducing  flame.  Only 
slightly  acted  upon  by  acids,  even  by  boiling  concentrated 
sulphuric  acid:  but  readily  decomposed  by  dilute  sulphuric 
acid,  when  heated  in  a  sealed  tube  at  a  temperature  of  about 
180^  C,  leaving  the  silicic  acid  in  the  form  of  white  pearly 
scales,  and  yielding  a  deep  bluish-green  solution.  With  sodic 
carbonate  it  fuses  to  a  white  mass.  The  roscoelite,  which  I 
received  for  investigation  was  so  much  mixed  with  other  sub- 
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staDces,  such  as  gold,  quartz,  a  feldspathic  mineral,  a  dark 
mineral  and  very  minute  quantities  of  one  of  orange  color,  that 
it  was  impossible  to  select  for  analysis  material  of  perfect  purity. 
For  this  reason  I  have  delayed  the  publication  of  my  results, 
which  were  obtained  over  one  year  ago,  in  the  hope  of  being 
able  to  repeat  my  analyses  with  better  and  purer  specimens ; 
but  I  now  give  the  results  of  my  analyses  because  there  is  no 
prospect  of  getting  any  more  of  this  mineral,  as  will  be  seen 
from  a  letter  of  Dr.  Blake,  dated  San  Francisco,  April  5th, 
1876,  in  which  he  says,  that  the  mine  in  which  it  occurs  cannot 
be  worked  any  farther  until  a  tunnel  has  been  run,  and  that 
it  is  quite  uncertain  when  this  will  be  done. 

Although  by  no  means  perfect,  my  results  approach  the 
truth  and  give  a  fair  idea  of  the  composition  of  the  mineral, 
even  if  the  evident  admixture  of  other  minerals,  varying  in  the 
different  samples  analyzed,  from  about  one  to  perhaps  over 
twelve  per  cent,  does  not  permit  one  to  calculate  the  atomic 
ratio  of  the  constituents  and  establish  the  constitution  of  this 
species.  There  is  especially  an  uncertainty  with  reference  to 
the  quantities  of  silicic  acid,  alumina  and  potassa  which  belong 
to  the  roscoelite,  or  which  may  have  been  mtroduced  by  admix- 
tures of  feldspathic  and  other  minerals,  as  will  appear  from  the 
results  given  oelow,  which  show  that  the  mineral,  when  decom- 
posed with  sulphuric  or  dilute  hydrofluoric  acid  generally  gives 
only  about  six  per  cent  of  potassa,  while  fusion  with  calcic  car- 
bonate and  aramonic  chlonde  yields  from  eight  to  nine  percent 
Some  of  these  uncertainties  could  have  been  removed,  if  a 
laraer  quantity  of  the  mineral  had  been  at  my  disposal. 

Particular  attention  was  paid  to  the  correct  determination  of 
the  vanadium  and  the  form  in  which  it  exists  in  the  roscoelite. 

The  separation  of  vanadium  is  attended  with  great  difficul- 
ties, and  1  have  not  found  any  of  the  methods  of  separation  to 
give  fully  reliable  results.  This  is  in  part  owing  to  the  incom- 
plete precipitation  of  the  vanadic  acid,  and  in  part  to  the  impos- 
sibility of  washing  the  precipitates  completely  without  loss  of 
vanadium.  It  was  therefore  always  determmed  by  the  only 
method  which  I  found  to  give  fully  reliable  results — by  titra- 
tion with  potassic  permanganate. 

After  the  separation  from  the  other  elements,  the  vanadic 
acid  was  reduced  by  hydrosulphuric  acid  into  V^O^,  which, 
after  the  excess  of  hydrosulphuric  acid  had  been  expelled  by 
continued  boiling,  was  re-oxydized  into  VjO,  by  the  perman- 
ganate. I  have  satisfied  myself  by  numerous  experiments  that, 
no  matter  whether  only  a  very  minute  quantity  of  sulphuric 
acid  is  present,  or  a  very  large  excess,  the  v  ,0^  is  completely 
oxidized  into  V,0,  by  this  process. 

For  the  determination  of  tne  state  of  oxydation  of  the  vana- 
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dium  in  the  roscoelite,  a  quaTitity  of  the  mineral  was  dissolved 
in  dilute  sulphuric  acid  in  a  sealed  tube  at  a  temperature  of 
about  180®  Cf.,  and  was  titered  after  cooling;  the  liquid  was 
then  reduced  by  hydrosulphuric  acid,  and  after  boiling  off  the 
excess  of  the  latter,  it  was  again  titered.  From  the  Quantity  of 
oxygen  required  for  oxidation  in  both  cases  it  was  found  that 
vanadium  m  the  mineral  is  present  as  V,0, ,  =  2  VjO,,  V,0,. 

The  determinations  of  the  other  elements  were  made  by  the 
usual  methoda 

The  finely-powdered  mineral  was  dried  (unless  otherwise 
stated)  for  two  days  over  sulphuric  acid,  and  the  different  sam- 
ples gave  the  following  results : 

(a.)  Purest  scales, — The  analvsis  was  made  by  dissolving  one 
portion  in  sulphuric  acid  and  determining  in  this  the  quantity 
and  state  of  oxidation  of  the  vanadium,  the  silicic  acid  and 
insoluble  impurities.  The  latter  were  left  behind  in  dissolving 
the  silicic  acid  in  sodic  carbonate  and  gave  0'85  per  cent ;  a 
second  portion  was  decomposed  by  sodic  carbonate  and  nitrate, 
and  a  third  for  the  determination  of  the  alkalies  by  J.  L.  Smith's 
method.  The  Ve^,,  given  below  is  the  mean  of  the  two 
determinations.  (6.)  Another  sample,  not  quite  as  pure  as  a, 
was  analyzed  by  fusion,  (c.)  Still  more  contaminated  with  im- 
purities, was  analyzed  by  dissolving  in  dilute  sulphuric  acid  in 
a  sealed  tube,  &c.,  ca  is  the  result  of  this  analysis,  eft  after 
deducting  11*45  percent  of  impurities,  (rf.)  Another  sample 
was  decomposed  oy  dilute  hydrofluoric  acid;  the  analysis  was 
unfortunately  lost  excepting  the  determinations  given  below ; 
the  material  for  this  analysis  had  not  been  dried  over  sul- 
phuric acid,  (c.)  This  sample  was  dried  over  sulphuric  acid  for 
several  weeks ;  a  portion,  which  was  decomposed  by  sulphuric 
acid,  gave  6'87  per  cent  insoluble  silicates,  0*28  per  cent  of 
gold  and  43-24  per  cent  of  silicic  acid;  the  VgO, ,  was  deter- 
mined by  difference.  The  results  given  below  were  obtained 
by  decomposing  the  mineral  by  fusion. 

a  h  ea  c^  d  e 

Insoluble  silicates, 

quartz,  gold,  Ac.  : 
SiOa  : 

AI2O3 
FeO 
MgO 
CaO 
Na^O  (trace  Li,0)    : 

K.O 
Ignition 

100-22  1 01*00  100-87  100*00  100-00 
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11-76 
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16-78 

1-67 
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2-03 
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2-00 

2-43 

1-74 

1-96 
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2-31 
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trace 

0-20 

0*23 
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trace 

0-19 

0-33 

0.30 

0-34 

[6-96 

0-60 

7-69 

8-03 

6-35 

6-98 

8-89 

22*02 

21-36 

20*60 

22-92 

M       W       W     a 

20-16 

:      4-96 

5-13 

6-32 

6-96 

6*34 

3-87 
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A  mineral,  very  similar  in  composition  and  perhaps  a  com- 
pact impure  variety  of  roscoelite  is  found  associated  with  the 
scales.  It  has  the  appearance  of  a  massive  dark  green  chlorite 
or  that  of  some  varieties  of  serpentine.  The  analysis  was  made 
by  fusion,  &a,  and  gave: 

SiOa  =46-09  Na.O  z=    0-18 

AI2O3  =  17-46  K^O  =    8-66 

FeO  =    1-96  VgO   ,  =17-63 

MgO  =    2-18  Ignition  =    6-87 

100-42 
2.  JPsiUacinitey  a  new  ht/draus  vanadate  of  lead  and  copper. 

In  a  paper  on  American  Tellurium  and  Bismuth  minerals, 
read  before  the  American  Philosophical  Society  at  the  meeting 
of  August  21st,  1874  (Proc.  Am.  Phil.  Soc.,  xiv,  228-281), 
I  mention,  on  the  authority  of  Mr.  P.  Knabe,  a  siskin-green 
pulverulent  mineral  from  the  "Iron  Rod  Mine,"  Silver  Star 
iMstrict,  Montana,  as  a  new  **  Tellurate  of  lead  and  copper."  I 
had  at  that  time  no  opportunity  to  examine  into  the  merits  of 
this  mineral,  having  mislaid  the  small  sample  which  he  had 
sent  me.  On  receiving  a  copy  of  mv  paper,  Mr.  Knabe  fur- 
nished me  with  several  specimens,  wnich  gave  me  a  sufficient 
quantity  of  fair  material  for  an  analysis  A  qualitative  exam- 
ination proved  it  to  be  a  hydrous  vanadate  of  lead  and  copper 
and  not  a  tellurate. 

When  I  communicated  this  result  to  Mr.  Knabe  he  gave  me 
an  interesting  account  of  how  he  fell  into  his  error.  At  the 
Uncle  Sam's  Lode,  in  Highland  District,  occurs  with  the 
tetradymite  a  siskin-green  mineral,  which  has  not  yet  been 
analyzed,  but  which  appears  to  be  a  tellurata  It  looks  exactly 
like  the  pulverulent  variety  of  the  psittacinite  from  the  Iron 
Rod  Mine.  When  Mr.  EL  dissolved  tne  latter  in  hydrochloric 
acid,  the  evolution  of  chlorine  indicated  the  presence  of  a  higher 
oxide;  the  solution  precipitated  with  an  excess  of  ammonic 
sulphide  gave  sulphides  of  lead  and  copper  and  a  filtrate  which, 
on  addition  of  an  acid,  gave  a  black  precipitate — vanadic  sul- 
phide— which  he  mistook  for  tellurous  sulpnide. 

Psittacinite  occurs  in  very  thin  cryptocrystalline  coatings, 
sometimes  showing  a  small  mammillary  or  botryoidal  structure, 
also  pulverulent;  color  siskin-green,  sometimes  with  a  grayish 
tint,  to  olive-green.  Before  the  blowpipe  it  fuses  easily  to  a 
black  shining  mass.  With  fluxes  gives  the  reactions  of  vana- 
dium, lead  and  copper.  Soluble  in  dilute  nitric  acid,  the  solu- 
tion yielding  on  evaporation  a  deep  red  mass. 

As  it  was  impossible  to  get  any  of  the  mineral  in  a  pure 
state,  I  had  to  use  coatings  with  quartz  attached  to  them,  some- 
times contaminated  with  a  little  limonite ;  but  these  admixtures 
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could  not  influence  the  analysis  farther  than  very  slightly  with 
reference  to  the  amount  of  water  which  it  contains. 
The  following  are  my  results: 


a 

h 

c 

d 

e 

PbO       =       41-36 

50-17 

42-89             27-12 

42-38 

CuO       =       14-34 

16-66 

14-72               9-76 

15  03 

VgO.     =       14-64 

19-06 

16-87               9-96 

15-77 

H.O       =         7-42 
SiO.       =       16-13        ^ 
Al.Oj    =        1-29 

not  determined    

7-25 

10-10 

15-57 

8-83 

^ 

FeaOg   =        2-72 

7-60 

2-19 
0-65 
0-16 

U8-84 

>  4-00 

The  oxj^en  ratio  of  PbO  :  CuO 

:  VgOj  :  H,0  in  the 

above 

analyses  is  m : 

a         =        2-97 

:      2-89 

6-41     : 

6-59 

b          =         3-60 

:      3-36 

:      8-34     : 

^  »  w  ^ 

c           =         3-08 

:      2-97 

6-96     : 

V  «  •  « 

d          =         1-94 

:      1-96     : 

4-36     : 

m  m  m  m 

e          =         3-04 

:       3-03      : 

6-90     : 

6-44 

or  a          =:        1 

:      0-97     : 

2-16     : 

2-19 

b          =        1 

:      0-93 

:       2-81      : 

»  «  » « 

c          =        1 

:       0-97 

2-26     : 

m  ^  m  m 

d         =         1 

:       1-01 

2-26      : 

•  «  s  • 

«          =        1 

:       1 

2-27      : 

212 

The  average  of  the  five 

)  analyses  ( 

pves  the  ratio  of 

:      0-98 

:      2-26      :       2-16 

9 

:      9 

:       20        :       18 

corresponding  to — 

3  (3PbO,  Vj,0J  +  (8( 

3uO,VaO, 

)+6(CuO,H,0)  +  12HaO. 

giving  the  following  pe 

rcentage : 

Ph 

O        = 

63-16 

Cu 

0        = 

18-95 

Vj 

rOl      = 

19-32 

H, 

,0        = 

8-58 

100-00 

Psittacinite  occurs,  sometimes  associated  with  gold,  and  small 
quantities  of  cerussite,  chalcopyrite  and  limonite  upon  quartz, 
at  several  of  the  mines  in  Silver  Star  District,  Montana,  espe- 
cially in  the  Iron  Bod  Mine  and  New  Career  Mine,  and  its 
occurrence  in  these  mines  is  looked  upon  as  a  £Eivorable  indica- 
tion, for,  when  it  is  met  with,  the  vein  becomes  immediately  or 
soon  after  rich  in  ^old.  This  mineral  has  been  called  **  psittac- 
inite" from  psittacinus,  siskin-  or  rather  parrot-green. 

UidTenity  of  PeniUTbania,  PhfladelphSa,  llaj  letli,  1S67. 
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Art.  VL — On  a  Disease  of  Olive  and  Orange  TreeSj  occurring 
in  Oah/omia  in  the  Spring  and  Summer  of  1875 ;  by  W.  (J. 
Fablow,  Assistant  Professor  of  Botany  in  Harvard  Univer- 
sity.*   With  Plate  m. 

During  the  past  summer,  numerous  complaints  have  come 
from  southern  Califomia  of  a  fungus  which  had  attacked  the 
olive  and  orange  trees,  and  which  was  causing  a  considerable 
loss  of  those  two  crops.  Our  attention  was  first  called  to  the 
subject  by  Dr.  H.  W .  Harkness,  who,  in  a  letter  from  San  Fran- 
cisco dated  May  11,  sent  a  specimen  of  the  fungus  on  an  orange- 
leaf  from  southern  California.  Of  the  extent  of  the  ravages  of 
the  fungus  at  that  date  no  information  has  been  received ;  but, 
as  in  a  letter  from  San  Diego,  dated  June  8,  Mr.  D.  Clevelandf 
wrote  that  there  was  no  trace  of  the  fungus  in  that  vicinity,  we 
may  suppose  that  the  disease  first  appeared  not  far  from  Santa 
Barbara,  where  we  have  definite  knowledge  of  its  occurrence, 
and  where  great  damage  was  done  later  in  the  summer.  In  a 
letter  from  Dr.  George  Thurber  dated  September  20,  enclosing 
some  specimens  of  the  fungus,  is  the  following  from  a  corre- 
spondent in  Santa  Barbara :  **  We  are  troubled  with  our  olive, 
lemon  and  orange  trees.  A  small  fungus  appears  on  the  leaves, 
twigs,  and  branches,  at  first  visible  only  with  a  microscope,  and 
of  a  green  color.  As  it  increases  in  size  it  turns  brown,  and 
then  black.  The  olive  is  so  exhausted  that  it  is  unable  to  fruit 
The  orange  and  lemon  stand  it  better,  but  their  fruit  is  so  infe- 
rior as  to  be  practically  worthlesa"  On  the  day  of  the  receipt 
of  Dr.  Thuroer's  letter,  another  was  received  from  Professor 
Dana,  also  enclosing  specimens  from  Santa  Barbara. 

From  the  general  tenor  of  letters  from  California,  it  is  evident 
that,  if  this  is  not  the  first  year  of  the  appearance  of  the  disease, 
it  is.  at  least,  the  first  in  which  it  has  attracted  general  atten- 
tion ;  that  its  eflFect  on  the  olive  and  orange  crops  has  not  been 
slightly,  but  markedly  injurious ;  and  that,  in  its  advanced 
stages,  there  is  present  on  the  leaves  and  stems  a  blackish  sub- 
stance, which  is  univeraally  regarded,  by  those  who  have  formed 
any  opinion  on  the  subject,  as  a  fungus.  We  have  received,  at 
different  times,  from  California  specimens  of  leaves  and  stems 
of  orange  and  olive  trees  covered  with  the  black  growth,  and 
have  been  able  to  study  the  fungus,  which  presents  some  points 
not  without  interest  in  a  botanical  point  of  view  ;  and,  if  our 
conclusions  do  not  point  to  a  direct  remedy,  it  will  be  conceded, 
we  hope,  that  we  have  contributed  toward  removing  some  mis- 

*  Copied  from  the  Bulletin  of  the  Bussy  Institution. 

f  We  are  in  receipt  of  a  letter  from  Mr.  Cleveland,  dated  early  in  January,  1876, 
in  which  he  senda  apedmena  of  the  fungus  on  orange-leayea,  which,  he  writes,  is 
at  that  time  oonmion  at  San  Diego. 
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conceptions  as  to  the  nature  of  the  disease.  At  this  distance, 
remote  from  all  opportunities  of  observing  the  disease  on  living 
trees,  there  are,  of  course,  some  points  in  the  development  of 
the  fungus  which  we  have  not  been  able  to  study  ;  and  our  cor- 
respondence has  not  been  suflSciently  extensive  or  minute  to 
enable  us  to  give  any  statistics  of  the  ravages  of  the  disease,  to 
ascertain  the  climatic  or  other  changes  which  have  preceded  or 
accompanied  the  breaking  out  of  the  epidemic,  or  to  decide 
whether  it  is  the  same  form  of  disease  which  has  been  reported 
to  occur  in  Florida.  Our  specimens  present  the  disease  as  it 
appears  when  in  a  somewhat  advanced  stage,  and  after  the  leaves 
and  stems  have  become  so  changed  as  to  attract  attention. 

Mycelium, — The  leaves  of  the  olives  which  are  aflFected  by 
the  disease  are  somewhat  curled  and  shrivelled,  and  are  of  a 
browner  color  than  normal  leaves  which  have  been  gathered 
but  a  few  weeks.  On  both  surfaces  of  specimens  sent  us  are 
black  spots  of  greater  or  less  extent,  but  in  no  case  is  the  leaf 
perfectly  black.  On  the  upper  surface  the  black  spots  are  more 
numerous,  more  distinct  in  outline,  and  harder  in  substance, 
than  on  the  lower,  where  they  were  more  diffuse  and  of  a  pow- 
dery consistence.  The  twigs,  of  which  we  received  only  small 
specimens,  are  covered  with  spots  which  resemble  more  closely 
tnose  on  the  upper  than  on  the  lower  surface  of  the  leaves.  In 
one  specimen  the  spots  are  nearly  confluent,  and  the  bark  is 
visible  in  only  a  few  places.  After  the  leaves  or  stems  have 
been  soaked  in  water  for  a  short  time,  the  black  substance  can 
be  scraped  off  without  the  least  trouble,  leaving  the  bark  tol- 
erably clean.  The  black  substance,  when  seen  with  a  magnify- 
ing power  of  four  hundred  diameters,  is  found  to  be  composed 
of  the  stellate  hairs  peculiar  to  the  olive,  over  which  is  growing 
a  fungus,  to  the  dark  color  of  whose  mycelium  the  spots  owe 
their  color.  The  mycelium  is  very  variable  in  appearance.  As 
a  rule,  it  is  composed  of  moniliform  hyphae,  whose  cells  are  006 
mm.  by  '008  mm.,  and  in  some  places  almost  spherical  The 
color  of  the  cell- wall  is  a  dark  or  purplish  brown,  and  in  most 
of  the  cells  there  is  a  comparatively  large-sized  oil  globule. 
These  hyphae  branch  in  all  directions,  and  the  cells  of  the 
branches  grow  constantly  longer,  narrower,  and  paler,  although, 
in  all  cases,  retaining  a  tinge  of  brown.  The  relation  of  the 
mycelium  to  the  stellate  hairs  and  outer  part  of  the  twigs  and 
leaves  is  clearly  seen  in  cross  sections.  The  hyphse  run  along 
the  surface  of  the  epidermis  and  of  the  hairs,  which  it  will  be 
remembered  resemble  a  broadly-opened,  short-handled  parasoL 
They  are  twined  closely  round  the  stems  of  the  hairs,  so  closely, 
that  the  fungus  cannot  be  removed  without  tearing  them  off. 
They  do  not  enter  into  the  cells  of  the  olive,  and  there  are  no 
haustoria  as  in  the  case  of  some  of  the  leaf  parasites  belonging 
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to  the  Erysiphei,  Occasionally  there  are  little  knob-like  pro- 
jections of  the  cells  which  seem  to  indicate  haustoria ;  but,  by 
the  most  careful  examination  which  we  have  been  able  to  make, 
we  have  not  been  able  to  see  that  they  enter  into  the  cells  of 
the  stellate  hairs  or  epidermis. and  act  like  haustoria.  The  sur- 
face of  the  hairs  and  epidermis,  however,  seems  covered  with  a 
sticky  substance  (of  which  we  shall  have  more  to  say  hereafter), 
to  which  the  hyphaa  closely  adhere.  Plate  8,  Fig.  2,  shows  one 
of  the  stellate  nairs  seen  from  below,  with  a  portion  of  the 
mycelium  growing  upon  it 

Various  modifications  of  the  mycelium  are  found  principally 
on  that  portion  growing  on  the  outer  part  of  the  stellate  nairs 
exposed  to  the  air.  After  reaching  a  certain  stage  of  develop- 
ment, they  grow  together  in  such  a  way  that  the  hyphse  coming 
together  laterally  form  a  sort  of  membrane,  as  shown  in  Plate  3, 
Fig.  1,  <L  This  membrane  is  composed  of  only  one  thickness 
of  cells,  but  is  very  uneven  as  it  follows  and  conforms  to  the 
inequalities  of  the  hairs.  Its  general  direction  is  parallel  to  the 
surface  of  the  leaf  or  stem  on  which  it  is  found. 

Conidia, — The  hyphse,  at  their  free  ends,  branch  in  all  direc- 
tions, and  bear  reproductive  bodies  of  several  kinds.  The  sim- 
plest form  is  that  shown  in  Plate  8,  Fig.  8,  d,  where  the  ordinary 
cells  of  the  mycelium  divide  by  croi?s  partitions  into  two  parts, 
which  do  not  respectively  grow  to  the  same  shape  as  the  mother 
cell,  but  remain  together  two  by  two,  as  shown  in  the  figure ; 
the  hypha  becoming  zigzag  by  the  alternate  lateral  displace- 
ment of  the  pairs  of  cells,  which  finally  drop  ofif  and  readily 
germinate,  each  cell  producing  a  germinal  tube.  In  other  parts 
of  the  mvcelium,  the  terminal  cell  of  certain  threads  divides  by 
means  oi  partitions,  parallel  to  and  at  right  angles  to  the  axis  of 
the  filament,  until  a  compound  body  is  formed,  which  resem- 
bles the  spores  of  the  so-called  genus  Macrosporium.  These 
bodies,  which  can  only  be  described  as  irregular  conglomera- 
tions of  cells  of  an  oval  outline,  are  produced  in  great  abundance 
and  average  015  mm.  by  '025  mm.,  but  are  often  much  larger, 
though  often  smaller.  The^  easily  drop  from  their  attachments 
and  germinate,  each  cell  bemg  capable  of  producing  a  germinal 
tube  Other  hyphas,  rising  at  right  angles  to  the  plane  of  the 
membranous  portion  of  the  mycelium,  grow  more  and  more 
attenuated,  and  branch  at  the  tip  ;  the  terminal  cells  divide  in 
two,  as  in  Plat«  8,  Fig.  8,  c,  fall  from  their  attachment,  and 
germinate.  This  last  modification  of  the  hyphae,  which  is  by 
no  means  so  common  as  the  two  previously  described,  will  be 
recognized  as  corresponding  to  the  so-called  genus  Helminthos- 
porium,  or  Cladosporium,  if  we  examine  before  the  terminal 
cells  have  divided.  It  is  out  of  the  question  to  give  specific 
names  to  such  forms  as  those  just  described,  which,  since  the 
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pablicatioD  of  Tulasne^s  **  Carpologia  Fungorum,"  are  known 
to  be  different  states  of  development  of  species  of  P^renomy- 
cetas. 

Pycnidia. — ^Besides  the  fonns  already  described,  there  are 
other  bodies  of  a  more  complicated  natura  Plate  3,  Fig.  8,  a,  a, 
represents  the  pycnidia,  which  are  quite  numerous  in  the  spots, 
both  on  the  leaves  and  the  stems.  Their  general  shape  is  sphe- 
roidal. They  consist  of  a  membranous  sac  of  the  same  color  as 
the  darker  parts  of  the  mycelium,  in  which  are  contained  the 
small  bodies,  which  are  represented  as  being  discharged  in  Fig. 
8,  b.  Their  average  diameter  is  04  mm.  In  general  appear- 
ance, the  pycnidia  resemble  so  closely  those  with  which  every 
one  is  familiar  in  other  Pyrenomycetes,  that  any  further  descrip- 
tion is  unnecessary. 

Siylospores, — In  examining  the  larger  black  spots  on  the 
stems  01  the  olive,  other  bodies  are  seen, — ihestylospores,  to  adopt 
Tulasne^s  nomenclature.  They  are  represented  in  Fig.  1,  a,  and 
resemble  flasks,  whose  long  necksproject  beyond  the  mycelium, 
by  which  they  are  surrounded.  They  may  be  recognizea  by  the 
naked  eye,  and  clearly  seen  with  a  hand-lens,  as  the  black  pro- 
jecting necks  are  tolerably  consoicuous.  To  obtain  a  good  view 
of  them,  some  of  the  larger  blac'k  spots  must  be  picked  to  pieces, 
and  the  fragments  treated  with  caustic  potash,  and  afterwards 
hydrochloric  acid.  The  shape  of  the  separate  flasks  is  quite 
variable.  The  central  portion  of  Fig.  1  represents  one  of  the 
more  regular,  where,  starting  from  a  somewhat  contracted  base, 
there  is  a  regular  swelling  of  the  central  portion,  which  again 
diminishes  into  a  rather  long  neck  of  uniform  size.  In  some 
cases,  the  flask,  instead  of  being  straight,  is  flexuous  with  two 
swellings,  the  upper  one  being  smaller  than  the  lower.  Others, 
still,  fork,  and  usually  one  branch  is  much  more  obtuse  than  the 
other.  The  size  of  the  flasks  varies  very  much ;  but,  even  in 
their  younger  states,  they  can  generally  be  distinguished  from 
the  pycnidia  by  being  less  inclined  to  a  spherical  shape.  The 
heignt  is  as  variable  as  the  outlina  Some  of  the  smaller  are  *15 
mm.  high;  others — and  they  are  nearer  the  average — are  '4 
mm.  The  wall  of  the  flasks  is  composed  of  dark-colored  cells, 
which  are  longer  in  the  direction  of  the  axis  of  the  flasks. 

In  some  cases,  the  cells,  composing  the  wall  of  the  stylospores, 
grow  outward,  so  as  to  form  papillsB ;  and,  as  the  mycelium  at 
the  base  generally  sends  up  branches  around  the  flask,  it  is  only 
by  a  careful  dissection  that  the  base  can  be  clearly  seen.  At 
first,  the  mouth  is  closed,  and  there  is  a  depression  of  the  cells 
at  the  center ;  but,  later,  they  spring  back  so  as  to  form,  round 
the  open  mouth,  a  circle  of  slightly  reflexed  teeth,  whose  tip  are 
perfectly  hyaline.  The  neck  of  the  flask  is  hollow :  but,  in  the 
swollen  portion,  spores  are  borne.     They  are  oval,  and  divided 
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into  four  parts  by  cross  partitiona  They  are  not  contained  in 
asci,  but  are  attached  to  short  filaments  which  line  the  surface 
of  the  base  and  lower  portion  of  the  sides  of  the  flask.  They 
escape  readily  through  the  open  mouth  ;  and  slight  pressure  on 
the  covering-glass  generally  causes  a  fresh  discharge. 

So  far,  we  nave  spoken  of  the  fungus  as  seen  on  the  olive. 
The  orange-leaves  sent  us  are  also  covered  with  a  black  sub- 
stance, which  is  not  so  much  in  spots  as  in  powdery  sheets  iipon 
both  surfaces  of  the  leaves,  more  particularly  the  upper.  The 
attachment  to  the  leaf  is  by  no  means  as  strong  as  in  the  olive ; 
and  the  deposit  can  easily  be  scraped  off,  even  without  previous 
moistening.  In  fact,  in  some  places  it  falls  off  on  the  slightest 
touch.  No  specimens  of  diseased  orange-stems  were  received 
for  examination.  A  microscopic  examination  shows  why  the 
deposit  was  more  easily  removed  from  the  orange  than  the  olive 
leaves.  The  smooth  surface  of  the  former  gives  no  permanent 
attachment  to  the  fungus,  which,  as  we  have  before  said,  does 
not  penetrate  into  the  interior  of  the  cells  of  the  mother  plant ; 
while,  on  the  other  hand,  the  hyphse  wind  themselves  tightly 
around  the  stalks  of  the  stellate  hairs  of  the  olive,  from  which 
they  cannot  be  removed.  If  the  fungus  should  attack  both 
oranges  and  olives,  it  is  very  evident  why  the  latter  would  suffer 
much  more  than  the  former.  Apart  from  the  absence  of  hairs, 
which  invariably  constitute  a  large  proportion  of  the  scrapings 
of  the  olive-leaves,  that  from  the  orange-leaves  is  precisely  iden- 
tical,—the  same  moniliform  hyphae,  bearing  Macrosporium  and 
Helminthosporium  spore-like  bodies,  the  same  pycnidia  and  sty- 
lospores.  Micrometric  measurements  only  confirm  the  identity. 
On  the  orange-leaves  sent  me,  there  is  a  greater  proportion  of 
pycnidia,  and  a  smaller  proportion  of  stylospores,  than  in  case  of 
the  olive-leaves;  but  that  is,  of  courae,  an  accidental  difference, 
as  the  olive-leaves  themselves  vary.  On  the  orange,  the  propor- 
tion of  Helminthosporium-like  spores  is  much  greater  tnan  on 
the  olive ;  but,  from  the  facility  with  which  the  so-called  second- 
ary forms  of  fruit  are  produced  in  fungi,  and  their  great  varia- 
bility, that  it  is  not  a  fact  of  any  importance ;  and  we  can  in  the 
most  decided  manner  affirm  that  the  fungus  is  the  same  on  both 
plants. 

The  first  account  of  a  fungus  growing  upon  orange- trees,  re- 
sembling in  its  habits  that  received  from  California,  was  given 
by  Persoon,  in  his  Mycologia  Europsea,  p.  10,  published  in  1822. 
His  description  of  the  new  fungus  is  very  briefly  given  in  the 
following  words:  "  Fumago  Citri,  late  effusa  crassiuscula  nigro- 
grisea.  Provenit  in  Europa  meridionali  ad  folia  Citri  Medicfie, 
quae  ssepe  tota  induit"  Later,  Turpin  published  an  account, 
with  a  figure,  of  a  species  which  he  also  called  Fumago  Citri, 
which  Montague  made  the  type  of  a  new  genus,  Capnodium, 


42        W.  G,  Farlow — Disease  of  Olive  and  Orange  Trees, 

published  in  the  Annales  des  Sciences  Naturelles,  8  s6rie,  tome 
11, 1840.  Montagne  seems  to  have  had  doubts  as  to  the  identity 
of  the  Fumago  Citri  of  Persoon  with  that  of  Turpin.  Almost 
simultaneously  with  the  publication  by  Montagne  of  his  genus 
Capnodium,  Berkeley  and  Desmazi^res  published,  in  the  Jour- 
nal of  the  Horticultural  Society  of  London,  voL  iv,  p.  252,  an 
article  "  On  some  Moulds  referred  by  Authors  to  Fumago."  In 
this  communication,  there  is  the  following  description  of  the 
orange  fungus  briefly  referred  to  by  Persoon  and  Montagne: 
"Capnodium  Citri,  Berk,  and  Desm.  Sparsum,  setosum;  peri- 
diis  elongatis;  mycelio  ramoso  moniliformi  pulcherrime  reticu- 
lato ;  sporidiis  oblongis  minutis.  Fumago  Citri,  Pers.,  Myc.  Eur., 
vol  i,  p.  10 ;  Turpin,  1.  c.  On  leaves  of  different  species  of 
Citrus.     France:  Persoon,  L^vei]16." 

Of  fungi  occurring  on  olive  trees,  we  have  an  early  account 
by  Montagne  in  the  Annales  des  Sciences  Naturelles,  8  s^rie, 
tome  12,  1849,  of  a  fungus  mentioned  in  the  "Bull  Soc.  Centr. 
d'Agric,"  2  s^rie,  iv,  p.  267,  under  the  name  of  Antennaria  el»- 
ophila,  which  had  been  found  at  Perpignan  in  1829,  which 
caused  ravages  somewhat  the  same  as  the  California  fungus,  and 
which  had  previously  been  referred  by  him  to  Cladosporium 
Fumago.  It  was  probably  the  same  plant  as  the  Torula  01e» 
of  Castagne.  Tulasne,  however,  in  the  "Carpologia  Fungorum," 
vol.  ii,  p.  279,  showed  that  the  Freiesian  genus  Antennaria  was 
the  pycnidial  state  of  species  of  fungi  of  which  Capnodium  was 
the  ascigerous  state.  He  restored  the  old  name,  Fumago,  and 
gave  a  detailed  account  of  Fumago  salicina,  which  was  illus- 
trated in  his  unrivalled  manner. 

The  fungus  from  California  is  evidently  the  same  as  that  which 
has  been  known  in  Europe  since  1829.  We  have  examined 
two  authentic  specimens  of  Antennaria  elaeophila  Mont, — one 
from  the  Duby  Herbarium,  the  other  from  that  of  De  Notaris, 
and  the  structure  is  precisely  that  of  the  pycnidial-bearing  por- 
tion of  the  California  fungus.  The  stylospore-bearing  portion 
of  our  fungus  is  the  Capnodium  Citri  of  Berkeley  and  Desmazi- 
feres,  to  which  they  refer  the  Fumago  Citri  of  Persoon  and  Tur- 
pin. Montagne  had  observed  only  the  pycnidial  form — his 
Antennaria  elseophila — on  olives;  whereas,  on  the  orange,  he 
found  only  the  stylospore  form, — his  Capnodium  Citri.  Ber- 
keley and  Desmazi^res  make  mention  only  of  sty lospores  on  spe- 
cies of  Citrua  We  have  been  so  fortunate  as  to  find,  on  the 
specimens  from  California,  both  pycnidia  and  stvlospores,  and 
on  both  olives  and  oranges, — which  proves  the  iaentity  of  An- 
tennaria elaeopliila  (Mont)  and  Capnodium  Citri  (Berk,  and  Desm.) 
The  perfect  ascigerous  state  of  the  fungus  we  have  not  found ; 
nor  do  Berkeley  and  Desmazi^res  seem  to  have  met  with  it,  for 
they  add  to  their  description  "asci  have  not  been  observed." 
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We  have  not  been  able  to  find  any  recorded  instance  of  asci 
having  been  found  in  Capnodium  Citri.     Tulasne  remarks, — 

Suite  pertinently,  as  it  seems  to  us, — that,  until  better  known, 
Apnodium  Citri  and  Antennaria  elaeophila  can  scarcely  be  con- 
sidered distinct  from  Fumago  salicina.*  The  specimens  from 
California  certainly  seem  to  strengthen  Tulasne^s  suspicions; 
and  we  must  confess  ourselves  quite  unable  to  distinguish  be- 
tween Fumago  salicina — found  on  willows,  oaks,  birches,  haw- 
thorn, quince,  and  pear — and  Capnodium  Citri,  found  on  oranges, 
and,  as  the  Californian  specimens  show,  also  on  olives.  If  it  be 
said  that  no  asci  have  been  seen  by  us,  that  is  no  reason  why  the 
fungus  should  be  removed  from  Fumago  salicina,  which,  in  the 
conformation  of  its  mycelium,  its  conidia,  pycnidia,  and  stylo- 
spores,  it  most  closely  resemblea  Evidently,  in  the  group  of 
fungi  which  we  are  considering,  too  much  stress  must  not  be 
laid  on  the  length  and  shape  of  the  stylospores.  We  see,  in  the 
specimens  before  us,  how  great  is  the  variation  in  what  is  un- 
doubtedly a  single  species.  Neither  is  the  fact  of  the  branch- 
ing of  the  stylospores  verv  significant,  as,  in  the  present  case, 
there  are  both  simple  and  branching  stylospores.  If  the  reader 
will  compare  our  rlate  8,  Fig.  1,  with  that  of  Fumago  salicina, 
by  Tulasne,  "Carp.  Fung.,"  Plate  XXXIV,  Figs.  14  and  20,— 
leaving  out  of  sight,  as  far  as  possible,  the  different  artistic  merits 
of  the  two, — we  think  he  will  admit  that,  in  all  essential  partic- 
ulars, they  are  alike.  In  reality,  the  resemblance  is  even  greater 
than  the  limited  size  of  our  drawing  would  indicate.  We  have 
said  that  we  found  no  asci ;  but  Plate  1,  Fig.  1,  c,  would  seem 
to  be  the  early  stage  figured  by  Tulasne,  1.  c.  Fig.  20.  The 
asci  will  probably  be  found  in  California ;  and  we  do  not  doubt 
that  they  and  their  contained  spores  will  prove  to  be  like  those 
of  Fumago  salicina. 

If  we  seem  to  the  reader  to  have  gone  too  minutely  into  the 
consideration  of  the  systematic  position  of  the  fungus,  it  was  for 
the  purpose  of  bringing  out  more  forcibly  the  fact  that  it  is  noth- 
ing new,  or  peculiar  to  California;  and  that  it  is  not  even  limited 
to  orange,  lemon,  and  olive  trees,  but,  as  we  have  seen,  is  found 
on  a  number  of  other  trees.  How  does  it  happen,  then,  that  a 
fungus  so  widely  diffused  should  suddenly  increase  to  such  an 
extent  as  to  injure  two  important  crops?  We  remarked,  in  pas- 
sing, that  the  hyphae  seemed  to  be,  as  it  were,  gummed  to  the 
stellate  hairs,  ana,  in  some  cases,  to  one  another,  by  a  sticky  sub- 
stance. We  do  not  forget,  that,  when  any  mycelium  is  grow- 
ing on  a  leaf,  a  certain  amount  of  dirt — including,  of  course, 
some  oily  matter — is  sure  to  be  entangled  in  its  meshes.    In  the 

*  ^'Doneo  melius  oognoscantur,  a  Fumag^ne  salicicola  supra  descripta  segre  etiam 
discrimiiumtar,  nisi  sede  sibi  singulis  assueta,  turn  Fumago  Oiiriy  Persoonio  sen 
Oapnodmm  OUri  liontanio ;  turn  etiam  Antennaria  daophUOf  Montanio,"  Ac.  (Sel* 
eoto  Fangonun  Garpologia,  pp.  283,  284.) 
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case  of  the  present  fungus,  however,  there  is  something  more  than 
an  accidental  accretion  of  such  substances.  The  surface  of  the 
leaves  and  stems  is  in  many  places  covered  with  a  gummy  de- 
posit, presumably  of  insect,  certainly  not  of  fungus,  origin.  On 
this  gum,  the  fungus  grows  luxuriantly ;  and,  although  it  may 
be  found  on  those  parts  of  the  leaves  where  no  gum  can  be  seeUi 
yet  it  is  evident  that  it  has  reached  such  places  Toy  growing  from 
the  gunmiy  spots.  Of  the  origin  of  the  gum,  other  than  that  it 
does  not  come  from  the  fungus,  we  have  no  theory  of  our  own 
to  advanca  Remains  of  insects  are  abundant  on  the  leaves ; 
but,  being  entirely  ignorant  of  entomology,  we  cannot  say  what 
their  relation  is  to  the  diseased  trees.  It  may  be  that  they  are 
stray  visitors  caught  in  the  gum.  The  fungus  grows  most  lux- 
uriantly on  the  remains  of  insects  which  I  have  seen,  which,  in 
some  cases,  present  a  ludicrous  spectacle,  the  hyphse  projecting 
from  them  like  the  quills  of  a  hedgehog. 

It  has  often  been  asserted  by  botanists  that  fungi,  of  the  group 
to  which  ours  belongs,  are  particularly  inclined  to  attack  trees 
which  have  been  previously  infested  with  insects.  In  1849,  Ber- 
keley, in  the  London  Journal  of  Horticulture,  described  a  fun- 
gus occurring  in  Ceylon  on  coflFee, — Triposporium  Oardneri^ — 
which  followed  the  appearance  of  a  species  of  coccus  which  was 
described  in  the  same  journal  by  Mr.  George  Gardner.  In  their 
paper  on  moulds  referred  to  Fumago,  Berkeley  and  Desmazi^res 
make  the  following  statement :  "  They  are  often,  if  not  always, 
preceded  by  honeydew,  whether  arising  from  aphides,  or  from 
a  sugary  excretion  from  the  leaves  themselves.  Frequently,  too, 
they  are  accompanied  by  some  species  of  coccus,  especially  in 
the  genus  Citrua**  Tulasne*  does  not  agree  with  the  writers 
just  mentioned,  as  will  be  seen  by  the  reference.  He  begins  his 
description  of  Fumago  salicina,  however,  with  the  foUowing 
words:  "Initio  fungillus e  membranula  constat  tenuissima,  alba, 
et  hyalina,  matricique  vivae  instar  gummi  soluti  illitus  haeret, 
quamvis  ab  eadem,  maxime  si  fortuito  ea  aruerit,  frustulatim 
aliquando  secedat  Id  cuticulse  struunt  utriculi,  perexigui,  .  .  . 
oleo  pallido  tandem  repleti,"  &c  This  initial  stage  described 
by  Tulasne  is  figured  in  Table  XXXIV,  Fig.  2,  mm.,  1.  c.  We 
must  confess  that  the  expression  "matricique  vivas  instar  gummi 
soluti  illitus  haeret,"  seems  a  little  indefinite,  but  the  figure  looks 

*  Quibusdam  observatoribus  TiBum  est  Fumagiiniea  in  fnicticibus  potiBsimum  pro- 
venire  quos  aphides  primum  oocupassent,  tamquam  si  ex  humore  duld  quern  bes- 
tiolse  istsB  emittunt,  aut  ex  latioe  viscido  quern  matrix  ab  ils  l»8a  copiosum  aliquando 
stillat,  suum  pabulum  traherent ;  necessitates  autem  hujus  modi  duplici  de  cauM 
minime  yerisimilee  censemus.  Hinc  enim  sexcenties  nobis  contigit  FumaQinm 
luxuriantes  videre  in  arboribus,  omnis  aphidum  generis  prorsus  expertibus ;  HUdo 
Iktmaginea  vere  parasitari  constat,  sucds  scilicet  alienis  uti  ex  his  vivis.  Super  hoo 
argumento  oonferas  tamen  qua  attulit  Berkelffius  in  tomo  iy.  (1849)  Ephemeridis 
Sc^  Hortic  Londinensium,  nee  non  Giorgio  Gardner  commentatiunculam  ibidem 
(pp.  1-6)  editam  circa  the  Coffee-bug  and  Coffee-mildew.    (Carp.  Fung.,  ii,  p.  280.) 
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exceedingly  like  a  collection  of  oil-globules,  or  very  small  eggs. 
We  do  not  pretend  to  sav  that  what  Tulasne  saw  was  not  a 
membrane  of  vegetable  substance, — a  part  of  the  fiiDgus  itself; 
but,  in  the  Californian  specimens,  we  had  something  which 
looked  very  much  like  the  mm.  of  Tulasne's  figure,  ana,  in  this 
case,  we  have  satisfied  ourselves,  by  observation  and  experiment, 
that  it  is  of  animal  nature,  and  not  a  part  of  the  fungus,  which, 
instead,  was  growing  upon  it  It  is  a  little  difficult  to  under- 
stand, from  what  is  already  known  of  the  developement  of  fungi, 
how  any  fungus  could  begin  as  a  very  thin  memorane,  composed 
of  small  celk  filled  with  oil  The  initial  stage  of  fungi,  if  we 
except  the  Myxomycetes,  as  far  as  we  know,  is  filamentous,  not 
membranous. 

The  result  of  our  examination  of  the  diseased  orange  and  olive 
leaves  is  briefly  as  follows :  The  disease,  although  first  attract- 
ing the  eye  by  the  presence  of  a  black  fungus,  is  not  caused  by 
it>  but  rather  by  the  attack  of  some  insect,  which  itself  deposits 
some  gummy  substance  on  the  leaves  and  bark,  or  so  wounds 
the  tree  as  to  cause  some  sticky  exudation,  on  which  the  fungus 
especially  thrives.  It  is  not  denied  that  the  growth  of  the  fun- 
gus greatly  aggravates  the  trouble  already  existing,  by  so  encas- 
ing the  leaves  as  to  prevent  the  action  of  the  sunlight ;  we  only 
say,  that,  in  seeking  a  remedy,  we  are  to  look  further  back  than 
the  fungus  itself, — to  the  insect,  or  whatever  it  ma^  be,  which 
has  made  the  luxuriant  growth  of  the  fungus  possible.  With 
r^ard  to  the  fungus,  we  are  able  to  assert  Uiat  it  is  the  same  on 
both  olives  and  oranges, — the  species  described  by  Berkeley  and 
Desmazi^res  under  the  name  of  Capnodium  Oitrij  which  seems 
to  us,  together  with  the  pycnidial  state  described  by  Montague 
under  the  name  of  Aniennaria  elceophilaj  to  be  but  two  states  of 
a  species  identical  with  that  described  by  Tulasne  as  Fumago 
mdtcina.  It  remains  yet  to  find  the  asci  on  olives  or  oranges, 
which  will  probably  be  accomplished  without  difficulty  in  Cali- 
fornia. The  earliest  stages  of  the  fungus  should  be  studied  by 
some  one  living  near  orange  groves ;  for,  although  the  disease 
has  been  known  to  attack  greenhouse  plants,  it  is  not  very  com- 
mon, or,  in  that  case,  so  favorable  for  study.  Especially  is  it  to 
be  desired  that  careful  notes  of  the  extent  and  manner  of  appear- 
ance of  the  disease,  and  the  climatic  and  hygrometric  conaitions 
attending  it,  should  be  carefully  recorded. 

As  a  remedy,  alkaline  soaps,  as  strong  as  the  trees  will  bear, 
will  no  doubt  prove  advantageous  in  case  of  the  oranges;  but, 
in  the  case  oi  the  olives,  much  less  good  is  to  be  expected, 
owing  to  the  presence  of  the  stellate  hairs  on  leaves  and  twigs. 
With  this,  our  notice  of  the  disease  from  a  botanical  stand-pomt 
ends ;  and  we  commend  the  subject  to  the  attention  of  entomo- 
logistSb 
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Art.  VIL — On  the  Reaction  of  Sulphuric  Acid  upon  Trv^uddc 

Phosphate ;  by  H.  P.  Armsby. 

The  following  experiments  were  undertaken  to  ascertain  the 
influence  of  temperature  and  time  on  the  reaction  between  one 
molecule  of  sulphuric  acid  and  one  of  tri-calcic  phosphate. 

The  materials  employed  were  precipitated  tri-calcic  phos- 
phate and  a  solution  of  sulphuric  acid  containing  in  1  c.c, 
0-87&4:  grms.  H,SO,. 

The  tri-calcic  phosphate  was  prepared  by  precipitation  from 
an  ammoniacal  solution  of  calcium  chloride  by  ai-sodic  phos- 
phate, the  precipitate  being  washed  with  cold  water.  An  anal- 
ysis gave : — 

Ca 33'73  per  cent. 

PO. 53-82    "      '* 

HgO not  determined. 

Although  washed  by  decantation  till  the  washings  gave  no 
precipitate  with  silver  nitrate  the  substance  still  contained 
traces  of  soluble  phosphoric  acid,  probably  as  phosphate  of  soda. 

The  experiments  were  conducted  as  follows :  a  weighed  quan- 
tity (generally  about  five  grms.)  of  tri-calcic  phosphate  was  mixed 
by.  rubbing  in  a  mortar  with  the  equivalent  quantity  of  sulphu- 
ric acid,  and  treated  as  follows : — 

I.     Stood  2\  hours  at  100°  C. 
EL        "      "      "      "  ordinary  temperature. 

JJJ  CC  U  (C  C(  ii  cc 

IV.         "      i  hour    "        "  " 

V.        "      6  minutes  at    "  " 

The  mixture  was  then  washed  with  cold  water  till  the  wash- 
ings ceased  to  show  an  acid  reaction,  the  filtrate  diluted  to  500 
c.c.  and  in  it  lime,  phosphoric  acid,  and  sidphuric  acid  deter- 
mined. The  composition  of  the  insoluble  portion  was  in  some 
cases  determined  airectly,  and  in  others  by  diflFerence.  In  cal- 
culating the  results,  the  sulphuric  acid  of  the  ac^ueous  solution 
was  combined  with  lime,  the  residue  of  the  lime  with  phos- 
phoric arid  to  mono  calcic  phosphate,  and  the  remainder  of  the 
phosphoric  acid  was  considered  as  free.  A  portion  of  it  at  least 
may  nave  been  the  soluble  phosphoric  acid  oi  the  tri-calcic  phos- 
phate. In  the  insoluble  portion  the  sulphuric  acid  was  also  com- 
oined  with  lime,  and  the  remainder  of  the  lime  with  phosphoric 
acid,  the  excess  of  the  latter  over  that  required  to  form  tri-calcic 
phosphate  being  considered  to  exist  as  the  only  other  insoluble 
compound,  viz.,  di-calcic  phosphate.  The  following  table  gives 
the  results  calculated  on  ten  grams  of  Oa3(P04),. 


upon  Tri-eahic  Phosphate. 
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L 

n. 

UL 

IV. 

V. 

Cih(P04), 
H,804 

10-000  gnns. 
3-143     " 

10*000  gnns. 
3*748     " 

10*000  gnns. 
3-209     " 

10-000  gnns. 
3-209     " 

10*000  gnns. 
3-209     " 

voujri),  soluble. 

CbH,(PO,), 
H,PO, 

2-124  grass. 
•837     " 
•309     " 

2-469  grms. 
1*277      " 
•343     " 

2-960     " 

1-334     " 

•162     " 

1-140  gnns. 
•860     " 
•448     " 

3-562  gnns. 

Insoluble. 

O18O4 

OaHP04 

Oa,(PO,). 

2-168  gnns. 
6-467     " 
1-066     " 

2-784  gnns. 
6120     " 
•803     " 

1-604  gnns. 
6^416     " 
1-899     " 

3-466     " 
5-493      " 
1-947      " 

It  will  be  seen  that  the  amount  of  di-calcic  phosphate 
increases  and  that  of  mono-calcic  phosphate  decreases  the  longer 
the  mixture  stands  and  the  higher  the  temperature  to  which  it 
is  exposed. 

The  following  table  shows  the  decrease  of  mono-calcic  phos- 
phate still  more  clearly. 

If  the  reaction  take  place  according  to  the  equation 

Ca8(POJ,-f2H,S04=CaHJPOJj,-|-2CaSO^ 

one  molecule  of  sulphuric  acid  should  render  soluble  one  mole- 
cule, or  its  own  weight,  of  phosphoric  acid.  The  fourth  line  of 
the  table  gives  the  per  cent  of  this  theoretical  quantity  which 
was  actually  found. 


I. 

n. 

m. 

IV. 

V. 

Applied,  08,(P04), 

"       H.SO^ 
Found    H3PO4 

2-784  gnna 
875     " 
-282     " 

2*972  gnna 
1113     " 
-420     »' 

4-377  gnns. 
1-405     " 
-656     " 

4-377  gnna 
1*406     ♦» 
-607     " 

4*377  gnna 
1-406     " 
1-306     " 

%  of  theoret  H,P04 

32-2^ 

37-7  jf 

39*6  jf 

361  jf 

92-8^ 

In  order  to  be  sure  that  these  differences  were  not  due  to 
incomplete  washing  a  second  set  of  experiments  was  made  with 
smaller  quantitiea  The  tri-calcic  phosphate  was  mixed  with 
water  to  a  thin  paste,  the  sulphuric  acid  added,  the  mixture 
well  stirred,  and  treated  as  follows : — 


L 

n. 

HL 
IV. 


Stood  3  hours  at  100**  C. 

a     a     u      it  ordinary  temperature. 
«     i  hour  " 
^^     5  minutes  at 


cc 


It  was  then  filtered  on  the  pump,  washed  with  cold  water  till 
the  washings  showed  only  a  very  faint  reaction  for  phosphoric 
acid  with  magnesia  mixture,  the  filtrate  diluted  to  500  ac.  and 
in  60  cc.  the  phosphoric  acid  determined  by  the  molybdic 
method. 
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I. 

XL 

m. 

ry. 

Found,    HsPO^ 

1*761  grma 
•438     " 
•172     " 

1*761  grms. 
•438     " 
•200     " 

1*761  grma. 
•438     " 
•209     " 

1*751  gnDfl. 
•438      " 
•416      " 

%  of  the  theoretical  HsPO^ 

39*2^ 

46-6  jf 

47*7  %            94*7  % 

To  ascertain  the  extent  of  error  from  incomplete  washing  the 
insoluble  portion  of  I.  was  further  washed  with  about  250  c.c.  of 
cold  water  and  the  phosphoric  acid  in  the  filtrate  determined. 

Its  amount  was  0*018  grms.  a  part  of  which  was  doubtless 
due  to  di-calcic  phosphate  which  is  slightly  soluble  in  water, 
though  not  sufficiently  so  to  introduce  any  material  error  into 
the  experiments. 

From  the  above  results  it  appears  that  the  reaction  between 
sulphuric  acid  and  tri-calcic  phosphate,  when  the  two  are  present 
in  the  proportion  of  one  molecule  of  each,  passes  through  two 
stages. 

1st  The  sulphuric  acid  reacts  on  half  the  tricalcic  phosphate, 
producing  mono-calcic  phosphate.  Whether  free  phosphoric 
acid  is  at  first  produced  cannot  be  determined  from  these  experi- 
ments, but  if  it  is,  it  must  quickly  disappear. 

2d.  The  mono-calcic  phosphate  thus  produced  reacts  more 
slowly  on  the  other  half  of  the  tri-calcic  phosphate  in  the  man- 
ner described  by  Piccard  (Zeitschr.  ftir  Chemie,  ix,  546),  pro- 
ducing di-calcic  phosphate, 

CaH^  (PO  J,  -f  Ca3  (PO  J  a=4CaHP0^. 

A  high  temperature  appears  to  favor  the  reaction. 

Ghemical  Laboratory  of  the  Uniyendty  of  Leipsig,  March,  1876. 


Art.  VnL — Dr.  VogeVa  Color  Theory ;  by  M.  Carey  Lea, 

Philadelphia. 

When  Dr.  Vogel  first  endeavored  to  establish  the  existence  of 
a  relation  between  the  color  of  substances  modifying  the  sensi- 
tiveness of  silver  bromide  and  the  refrangibility  of  the  rays  to 
which  that  sensitiveness  was  increased,  I  made  a  two-foldf  ob- 
jection. First,  that  no  sufficient  proof  had  been  given  that  in 
any  one  instance  a  colored  pigment  had  increased  tne  sensitive- 
ness to  the  rays  which  it  absorbed.  Second,  that  many  sub- 
stances altogether  colorless  conspicuously  increased  the  sensi- 
tiveness to  particular  raya  To  this  last  objection  Dr.  Vogel 
replied  that  because  substances  were  colorless,  it  did  not  follow 
that  they  acted  equally  upon  the  dififerent  rays. 

To  give  this  answer  weight,  it  should  have  been  accompa- 
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nied  by  proof  that  some  of  these  colorless  substances  showed  a 
power  of  absorbing  the  rays  to  which  they  increased  the  sensi- 
tiveness of  silver  bromide.  No  such  proof  was  given.  Although 
scarcely  called  upon  to  prove  a  negative,  yet  desiring  to  leave 
no  side  of  this  question  unexamined,  I  have  recently  subjected 
to  careful  spectroscopic  examination  those  colorless  substances 
which  I  have  described  as  distinctly  increasing  the  sensitive- 
ness of  silver  bromide  to  green  light 

This  examination  was  made  with  a  table  spectroscope  fur- 
nished with  an  exterior  prism  to  throw  light  from  a  second 
source  of  illumination  upon  the  slit,  in  order  to  obtain  two 
adjacent  spectra.  The  solution  being  then  interposed  in  the 
path  of  one  set  of  rays,  the  spectrum  influenced  by  it  is  seen 
side  by  side  with  a  complete  spectrum,  and  the  slightest 
changes  are  made  evident.  For  greater  exactness  the  glass 
vessel  was  first  filled  with  water  and  interposed,  then  the 
argand  burners  used  were  moved  to  such  distances  as  to  make 
the  two  spectra  exactly  equal  in  intensity.  In  the  examination, 
the  size  of  the  slit  was  varied  from  tnat  which  barely  gave  a 
visible  spectrum,  up  to  such  as  gave  a  powerful  illumination, 
and  the  comparison  was  made  with  all  intensities,  though  of 
course  the  faint  illuminations  gave  the  most  critical  tests.  The 
substances  examined  were  potassic  arsenite,  codeia,  salicine  and 
morphia  acetata  All  of  these  substances,  as  I  have  elsewhere 
shown,  exhibit  a  marked  power  of  increasing  the  sensitiveness  of 
silver  bromide  to  the  green  rays. 

No  elective  absorption  could  be  detected  in  any  of  them.  It 
is  therefore  certain  that  their  capacity  to  increase  the  action  of  the 
green  ray  is  independent  of  any  power  to  absorb  that  ray. 

Certainly  if  a  law  such  as  enunciated  by  Dr.  Vogel  existed, 
there  ought  to  be  found,  without  diflBculty,  very  many  sub- 
stances which  would  exemplify  it  On  the  contrary  Dr.  Vogel 
has  named  very  few  cases  in  which  he  has  recorded  results  con- 
forming to  his  h3^pothesis.  Indeed  his  hypothesis  has  seemed 
to  rest  chiefly  upon  three  substances,  coralline,  chlorophyll, 
and  naphthaline  red. 

I  have  very  carefull  v  examined  the  action  of  all  three  of  the 
substances  with  the  following  results: 

Coralline^  as  I  have  before  said,  enhances  the  sensitiveness 
more  to  the  color  which  it  chiefly  transmits,  red,  than  to  those 
which  it  absorbs.  Moreover  its  power  of  increasing  sensitive- 
ness (at  least  as  far  as  the  green  rays  are  concerned)  may  be 
destroyed  by  the  addition  of  a  trace  of  weak  acid,  so  that 
while  its  color  remains,  its  action  is  destroyed.  Coralline 
therefore  does  not  afford  any  support  to  the  theory,  but  rather 
the  contrary. 

AM.  Jour.  801.— Thibd  Sbsixs,  Vol.  XII,  No.  67.— Jttlt,  1876. 
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Chlorophyll  is  perhaps  the  only  substance  that  corresponds  to 
some  extent  in  its  action  with  the  demand  of  the  theory. 
Some  chlorophyll,  which  I  prepared  from  ivy  leaves,  had  a 
bright  green  color  in  solution ;  it  diminished  the  action  of  silver 
bromide  to  the  green  rays,  and  increased  it  to  the  red.  It 
should  be  baid  however  that  the  support  given  by  this  sub- 
stance is  very  much  qualified  by  its  peculiar  absorption  spec- 
trum. 

Naphthaline  red  has  been  cited  by  Dr.  Vogel  as  aflTording  by 
its  action  a  powerful  confirmation  of  his  views.  It  has  not 
done  so  in  my  hands. 

When  a  not  too  strong  solution  is  examined  in  the  spectro- 
scope, it  is  found  to  allow  all  the  red  and  yellow  rays  to  pass 
up  to  the  limit  of  the  green,  where  the  transmission  stops.  Dr. 
Vogel  affirms  that  the  naphthaline  red  increases  sensitiveness  to 
the  yellow  rays,  using  it  in  not  too  strong  solution.  But  it  is 
certain  that  this  substance  unless  it  is  used  in  very  strong  solu- 
tion, allows  the  yellow  rays  to  pass  freely,  stopping  only  the 
green  and  the  rays  beyond  the  green.  It  appears,  therefore, 
that  a  dilute  solution  of  naphthaline  red  does  not  absorb  the 
yellows  rays,  to  which,  according  to  Dr.  Vogel,  it  increases  sensi- 
tiveness. And  again  the  result  of  experiments  made  by  myself 
with  the  green  rays,  which  it  does  undoubtedly  absorb,  is  that 
it  not  only  does  not  increase  .sensitiveness  to  them,  but  actually 
diminishes  it 

I  therefore  conclude  that  up  to  the  present  time  no  proof  of 
the  correctness  of  this  theory  has  been  found,  but,  on  th6  con- 
trary, a  vast  array  of  facts  that  are  irreconcilable  with  it 


SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  On  the  true  Ethyl  Stdphate. — By  acting  on  ethyl  alcohol  or 
ether  by  sulphuric  acid,  Wetherill  obtained  a  neutral  body 
which  has  been  regarded  since  that  time  as  the  true  sulphuric 

(  OC  H 

ether,  SOj  -j  or*H**     ^^^  Baumstark  obtained  a  substance  by 

V  •         D 

acting  on  alcohol  by  sulphuric  oxychloride,  which  he  supposed 
identical  with  Wetherill's  ether,  but  which  Max  M^er  regarded 

as  an  isomer  of  it,  ethyl  oxyethansulphonatej  C^H^  -J  <^q  q^  tt 

Mazubowska  has  prepared  anew  this  latter  compound,  and  has 
examined  it  more  thoroughly.  It  appears  as  a  yellowish,  odorless, 
neutral  liquid,  of  syrupy  consistence  and  having  a  sp.  gr.  of  1  '24. 
It  dissolves  readily  in  water,  decomposing  and  becoming  acid. 
Heated  above  100    it  carbonizes!     Analysis  gave  it  the  formula 
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(C,H5)«S04.  Decomposition  by  water  gave  sulphethylic  acid, 
the  banum  and  potasBinm  salts  being  prepared  and  analyzed. 
Methyl  propyl,  butyl,  and  amyl  alcohols  yielded  similar 
ethers,  having'  analogous  properties  and  forming  a  regular 
series.  Wetherili's  ether,  however,  is  markedly  different  in  its 
properties.  It  is  an  oily,  colorless  liquid,  with  an  odor  like  pep- 
permint, of  sp.  gr.  1*12,  and  which  can  be  distilled,  oily  drops 
passing  over  at  110°  to  120®.  To  ascertain  which  of  these  bodies 
was  the  true  ether,  the  ethers  themselves  as  well  as  the  acids 
derived  from  them,  were  treated  with  potassium  sulphydrate.  In 
this  way,  Baumstark's  body  was  proved  to  be  the  true  ethyl  sul- 
phate, Wetherili's  bein^  its  isomer  as  above.  Similar  ethers  were 
obtained  with  phenol,  nitro-phenol  and  thymol. — J,  pr.  Ch,y  II,  xiii, 
158,  March,  1876.  g.  f.  b. 

2.  AfUhrqflamc  and  Isoanthraflavic  ctcids.  —  Schunk  and 
RoBMEB  have  detected  in  crude  artificial  alizarin  a  new  acid, 
>  isomeric  with  anthraflavic  acid  discovered  by  the  former  chemist 

in  1871.  To  obtain  it  the  crude  alizarin  is  treated  with  lime  water 
and  the  red  solution  decomposed  with  hydrochloric  acid.    The 

Oitate  is  dissolved  in  dilute  soda  solution,  again  precipitated, 
red  in  baryta  water,  and  thrown  down  a  third  time.  The 
yellow  or  green  nocks  crystallize  from  alcohol  in  yellow  needles, 
sometimes  in  gold-yellow  brilliant  plates.  Analysis  of  the  sub- 
stance dried  at  150°  gave  the  formula  C,^Hf,0^;  the  crystals 
have  a  molecule  of  water.  The  salts  of  the  new  acid  were  pre- 
pared and  analyzed,  and  compared  with  those  of  anthraflavic  acid. 
These  as  well  as  the  substitution  derivatives  showed  marked  dif- 
ferences between  the  two  bodies.  Both,  it  should  be  remembered, 
are  isomeric  with  alizarin. — Ber,  Berl.  Chem.  Oes.yix^  378,  March, 

1876.  G.  F.  B. 

3.  On  Sulphonaphthalide. — Cleve  has  examined  the  substance 

obtained  by  Berzelius  in  1837  by  the  action  of  sulphuric  acid  on 

naphthalene,  and  which  he  called  sulphonaphthalide.     Crystallized 

from  absolute  alcohol,  it  appears  in  perfectly  white  needles,  often 

some  centimeters  long.      It  melts  at  175*5^,  is  insoluble  in  water, 

difficultly   so  in    alcohol   and  ether,   very   soluble   in    benzene. 

(  C     H 
Analysis   gives  it  the   formula  Cj^Hj^SOg,  or  SOj, -j  Q^^rr''. 

Heated  with  phosphoric  chloride  and  with  ammonia,  it  yields  a 
mixture  frt>m  which  ether  extracts  a  solid  body  /!^-chloronaphtha- 
lene,  C,  ^H.Cl,  leaving,  behind  the  amide  of  y^-naphthylsulphurous 
acid,  the  cnloride  bemg  CioH^SO^CL — BuU,  Soc,  (7A.,  il,  xxv, 
256,  March,  1876.  g.  f.  b. 

4.  EhohUion  of  Hydrogefi  by  the  ctction  of  Zinc  upon  neutral 
Copper  stilp/Mte. — ^For  the  preparation  of  a  considerable  quantity 
of  nnely  divided  copper  by  SchifiTs  method,  Lothar  Meter 
heated  to  60°  C.  a  mixture  of  copper  sulphate  crystals,  metallic 
zinc  and  water,  and  observed  a  rapid  evolution  of  pure  hydrogen, 
a  fact  noted  in  1840  by  Leykauf.  Further  experiments  showed 
that  the  evolution  of  hydrogen  takes  place  at  ordinary  tempera- 
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tores,  but  is  very  slow,  continuing  for  months.  The  resulting 
solution  contains  only  normal  zinc  sulphate,  no  basic  salt  being 
present.  A  dark  gray  powder  is  deposited,  however,  which  con- 
sists of  basic  zinc  sulphate  and  copper.  It  appears  therefore  that 
the  copper  in  this  reaction  is  not  simply  exchanged  for  zinc,  atom 
for  atom,  but  that  some  of  the  copper  is  replaced  by  hydrogen. 
This,  giving  hydrogen  sulphate,  is  acted  on  by  the  zinc,  evolving 
hydrogen. — Ber.  Berl,  Vhem.  Ges.^  ix,  512,  April,  1876.      g.  f.  b. 

6.  3ecompo8ition  of  Ammonium  nitrate  oy  heat. — Bbbthslot 
has  studied  the  decomposition  of  ammonium  nitrate  by  heat.  He 
finds  that  this  salt  melts  at  about  152^  C,  but  that  no  appreciable 
quantity  of  gas  is  evolved  below  210".  The  rapidity  of  the  evo- 
lution increases  uniformly  with  the  rise  in  temperature  up  to  300^, 
and  then,  if  the  fire  be  urged,  the  mass  explodes.  These  charac- 
ters are  those  of  an  exothermic  decomposition  and  sustain  the 
results  of  the  author's  calorimetrical  experiments,  according  to 
which  the  production  of  the  hyponitrous  oxide  theoretically  diA- 
engages,  in  the  reaction  NH^NOjiirNjO+CHjO)^,  about  4-46 
calories.  The  volume  of  gas  obtained,  however,  is  always  less 
than  that  indicated  by  theory,  owing  to  the  volatility  of  the 
ammonium  nitrate  itself  Indeed  this  salt  may  even  be  sublimed 
without  decomposition  by  placing  it,  previously  melted,  in  a  cap- 
sule covered  with  paper,  and  over  which  is  a  card-board  cylinder 
filled  with  fragments  of  glass.  The  capsule  is  placed  in  a  sand 
bath  and  heated  to  190  to  200° ;  the  sublimed  salt  attaches  it- 
self in  brilliant  crystals  to  the  sides  of  the  capsule  and  the  paper 
cover,  a  portion  also  passing  through  and  covering  the  glass.  Its 
composition  was  verified  by  analysis.  That  this  is  not  a  dissocia- 
tion into  ammonia  and  nitric  acid  is  shown  by  the  fact  that  the 
paper  is  not  attacked. —  C.  J?.,  Ixxxii,  932,  April,  1876.     G.  f.  b. 

6.  Additional  facts  concerning  GaUium. — Boisbaudran,  the 
discoverer  of  gallium,  has  presented  to  the  Acadeii^  a  specimen 
of  what  he  believes  to  be  the  nearly  pure  metal.  The  specimen 
weighed  about  one  decigram  and  was  extracted  from  431  kilo- 
grams of  the  crude  material.  Unlike  the  specimen  first  made, 
and  which  was  solid  owing  to  impurities,  the  author  finds  pure 
gallium  to  be  essentially  a  liquid  metal,  since  it  melts  at  29*5% 
and  is  therefore  easily  liquefied  between  the  fingers.  It  exhibits 
markedly  the  phenomenon  of  surfusion,  a  globule  remaining 
liquid  for  weeks,  during  which  time  the  thermometer  may  go 
down  to  zero.  Once  solidified,  the  metal  is  hard  and  resistant ; 
though  easily  cut  and  somewhat  malleable.  When  melted  it 
adheres  strongly  to  glass  forming  a  whiter  mirror  than  mercury. 
Heated  to  redness  in  the  air,  it  oxidizes  only  superficially  and  does 
not  volatilize.  It  is  not  sensibly  attacked  by  cold  nitric  acid.  Its 
density  is  4*7  at  16°.  Deposited  on  platinum  by  electrolysis  from 
solution  in  ammonium  or  potassium  hydrate,  it  presents  a  grayish- 
white  mat  surface,  formed  of  minute  globules.  Cold  dilute  hydro- 
chloric acid  dissolves  it,  disengaging  hydrogen ;  but  the  residue 
obtained  by  evaporating  this  solution,  is  not  colored  by  potassium 
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iodide,  ammonia,  or  ammonium  solphydrate. —  C.  R.y  Ixxxii,  1036, 
May,  1876.  g.  p.  b. 

7.  MetaUic  Cerium^  Lanthanum^  and  Didymmm. — Drs,  Hillb- 
BRAND  and   Norton,  in  Bunsen's  laboratory,  have  obtained,  by 
the  electrolysis  of  the  cerium,  lanthanum  and  didytnium  chlorides, 
tiie  metals  in  quantities  sufficient  for  careful  investigation.     As 
proof  of  the  purity  of  the  materials  employed  they  refer  to  the 
methods  of  separation  given  by  Bunsen  (Fogg.  Ann.,  civ,  366). 
Metallic  cerium  has  the  color  and  luster  of  iron ;   it  slowly  tar- 
nishes in  dry  air  and  in  moist  air  soon  changes  color,  as  steel  does 
when  heatea,  to  yellow,  blue,  and  gray.     After  fusion  it  has  the 
hardness  of  calcite,  and  is  malleable  and  very  ductile.     The  spe- 
cific gravity  of  the  electrolytic  metal  is  6 '6 2  8,  and  after  fusion 
under  salt  and  potassium  chloride  it  is  6*728.     The  low  specific 
gravity  found  for  cerium  reduced  by  sodium  5*5  indicates  that  it 
contained  sodium.     The  melting  point  of  cerium  is  lower  than 
that  of  silver  and  considerably  higher  than  that  of  antimony. 
Its  kindling  temperature  in  air  and  oxygen  is  much  lower  than 
that  of  magnesium.     Pieces  scratched  on  infiame,  and  the  wire 
ignited  in  a  flame  bums  more  brilliantly  than  magnesium  wire. 
It  bums  when  heated  in  chlorine,  less  readily  in  bromine  vapor, 
and  without  incandescence  in  iodine  vapor.     Water  at  common 
temperatures  is  slowly  decomposed  by  it ;  cold  concentrated  sul- 
phuric acid  and  cold  red  fuming  nitric  acid  do  not  attack  it,  but 
these  acids  when  dilute,  and  also  hydrochloric  acid,  dissolve  it. 
Metallic  lanthanum  is  much  like  cerium  in  its  general  chemical 
deportment,  but  by  concentrated  nitric  acid  it  is  easily  attacked. 
It  IS  slightly  harder  and  less  ductile  than  cerium ;  it  is  less  perma- 
nent in  air,  and  even  in  dry  air  its  color  soon  changes  to  a  steel 
blue.    The  specific  gravity  of  a  piece  deposited  by  electrolysis 
weighing  7*6  grams  was  6163;  after  fusion  it  was  less,  6*049. 
Its  melting  point   appears  to  be  near  that  of  cerium,  and  its 
kindling  temperature  is  higher.     Small  pieces  from  filing  or  strik- 
ing on  flint  do  not  ignite  spontaneously  in  the  air,  but  burn  bril- 
liantly in  the  flame.     Their  analysis  shows  less  than  one  per  cent 
of  impurity  in  the  specimen. 

Metallic  didymium  is  more  like  lanthanum  than  cerium ;  it  is 
not  less  lustrous,  ductile  or  permanent  in  air  than  lanthanum,  and 
has  about  the  same  hardness ;  its  color  is  not  as  white,  and  moist 
air  turns  it  yellow.  Fine  particles  of  the  metal  do  not  ignite 
spontaneously  in  the  air,  but  bum  when  heated  in  a  lamp  flame. 
It  is  less  fusible  than  either  lanthanum  or  cerium,  and  the  metal 
after  fusion  has  a  specific  gravity  of  6*544. — Fogg.  Ann,,  civ,  633, 
Aug.,  1875.  G.  F.  B. 

8.  On  Oentisin. — Hlasiwetz  and  Hauermann  have  published 
a  second  paper  on  Oentisin,  a  crystallized  non-nitrogenous  body 
obtained  from  gentian  root  ( Oentiana  lutea).  In  their  previous 
paper  they  showed  that  under  the  influence  of  alkali  hydrates, 
gentisin  splits  up  into  phloroglucin  C^HgOj  and  an  acid  of  the 
formula  C^HgO^,  to  which  they  gave  the  name  gentisic  acid. 
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Under  the  action  of  heat,  this  latter  body  loses  carbon  dioxide 
and  yields  a  neutral  body  of  the  composition  C-HgOg,  provision- 
ally called  pyrogentisic  acid.  They  now  find  tnat  this  last  sub- 
stance is  identical  with  hydroquinone,  the  true  melting  point  of 
which  is  169^,  and  that  gentisic  acid  is  identical  with  oxysalicylio 
acid,  which  fdses  at  196°  to  197°.  From  its  reactions  therefore 
the  authors  give  to  gentisin  the  rational  formula 

CH, 

and  suppose  that  it  is  formed  from  an  isomer  of  pipe- 
ronal  united  to  phloroglucin,  thus : 

OH 
OH 


C,H. 


C,H, 

^^    4.   P  H    1   OH    -  ^^»<^  =  ^^ 

0>    +   C.Ha  j  ^OH  I  J  Qjj 


COjH  ^  !.""•  CgHg  i  OH 

Hence  when  it  is  fused  with  alkalies,  it  acts  thus : — 
(CuH,oO,),+0,+(H,0),  =  {C,H-0,),+(0,H,OJ  +C,H«0, 

OentlBln.  Pbloroglacin.         Oxysallcyllc  acid.    Aoettoadd. 

— Xiebig^a  Annalev^  clxxx,  343,  March,  1876.  g.  f.  b. 

9.  On  the  milky  juice  of  an  Asdepiad^  Cynanchum  acutum. — 
BuTLBRow  has  examined  the  milky  juice  of  Cynanchum  acutom, 
brought  from  the  Oxus  by  the  Russian  Geographical  Society's 
Expedition.  The  plant  is  a  climber  and  is  regarded  as  poisonous, 
especially  to  camels.  The  juice  contained  a  volatile  non-poisonous 
alkaloid,  and  the  aqueous  portion  was  rich  in  potassium  chloride, 
but  contained  no  sodium  though  grown  on  a  soil  rich  in  that  sub- 
stance. Below  the  aqueous  portion  was  a  white  coagulum,  which 
fused  by  heat  and  evolved  an  odor  like  that  from  burning  rubber. 
It  was  extracted  with  boiling  alcohol  and  then  with  carbon  disul- 
phide.  The  latter  left  on  evaporation  a  transparent  yellow  resin. 
The  alcoholic  solution  deposited  warty  grains  on  cooling,  which 
when  purified  cryntallized  in  needles.  On  analysis  this  body  gave 
the  formula  C^^IIa^O,  and  as  it  appears  analogous  to  the  phenols 
in  its  properties,  the  author  gives  it  the  name  cynanchol;  the 
asclepion  of  List  being  an  impure  variety. — Liebig^a  Ann,^  clxxx, 
349,  March,  1876.  g.  p.  b, 

10.  On  Arnidinea  of  Monobasic  Acids. — ^The  name  amidine  was 
given  first  by  Wallach  to  a  class  of  organic  bases  of  the  general  for^ 

mula  R .  C  •<  ^o,  derived  from  amides  R .  C  •<  j^j^,  by  exchang- 
ing O  for  (NR)*.  As  R  represents  either  hydrogen  or  a  hydro- 
carbon radical,  it  is  evident  that  a  series  of  oases  may  be  formed 
from  the  amide  of  any  acid  in  this  way.    Thus  from  acetamide 


Chemistry  and  Phyaiet.  66 

^NH,  ^NHC-H.  ^NHC-H, 

CH.C^  CH.C^  CH.CC  we  have 

Acetamlde.  Acetethylamlde.  AceUnllide. 

AcadUmlna  Etbenyl-diethyUxnimide.  BthenyldipheDyUmlmlde. 

(ttie  amidine  of  acetamlde). 

In  the  same  way,  guanidioe  is  the  amidine  of  carbamide  or  urea. 
Under  the  influence  of  water  the  acid  amides  are  regenerated. 
Bebnthsen  has  examined  several  new  bodies  of  this  class,  phenyl- 

NH, 
acetamimide  C.H.  — CH^  —  Cf  ,  its  mono-phenyl  and  mono- 

tolyl  derivatives,  benzenyl-monophenyl-amimide, 

^NCeH, 

and  the  diphenyl,  mono-  and  di-tolyl  derivatives. — Ber.  Berl.  Ghem. 
Ges.y  viii,  1575  ;  ix,  429,  March,  1876.  G.  f.  r 

1 1 .  On  Fermentation  ;  by  P.  SoHtTZENBEBGEB.  [International 
Scientific  Series.  D.  Appleton  &  Co.,  New  York.] — This  volume, 
although  rather  too  technical  for  the  general  reader,  gives  to  the 
student  in  a  convenient  form  a  rk«wnxi  of  the  early  and  of  the  most 
recent  researches  on  fermentation  (alcoholic,  lactic,  butyric,  etc.), 
and  is  a  valuable  addition  to  the  International  Scientific  Series,  of 
which  it  is  the  third  volume  on  chemical  subjects.  The  aim  and 
plan  of  the  International  Scientific  Series  has  already  been  alluded 
to  in  this  Journal  (vol.  v,  {).  241,  1875).  It  is  not  our  purpose  in 
the  present  instance  to  criticize  the  subject  matter  of  tne  volume 
before  us,  but  to  call  attention  to  some  of  the  shortcomings  of  the 
English  version. 

Ijie  most  serious  error  is,  perhaps,  the  translation  of  "  maMreB 
hydrocarbanies*^  by  "  hydrocarbons."  On  page  66  and  following, 
and  throughout  the  book  sugar,  cellulose  and  starch  are  spoken  of 
as  ^*  hydrocarbons !"  A  mistake  scarcely  less  serious  occurs  in 
the  description  of  Schfttzeuberger's  process  for  determining  dis- 
solved oxvgen  (pages  108  and  following).  Here  Schfttzenberger's 
"  hydrosulphurous  acid"  and  "  hydrosuTphite"  are  rendered,  very 
properly,  "  hyposulphurous"  and  "  hyposulphite,"  but  no  note  or 
comment  (except  the  symbol)  tells  us  that  the  sodium  hyposul- 
phite thus  indicated  is  not  the  common  "  hyposulphite  of  soda" 
which  still  in  the  arts  and  indeed  generally  Dears  the  old  name. 
On  other  pages  hyposulphite  is  used  in  its  former  sense  (instead 
of  "  thiosulphate"  or  other  name).  It  would  therefore  seem  that 
the  mistake  arose  from  ignorance  or  carelessness  on  the  part  of 
the  translator. 

Among  other  less  important  blunders  it  may  be  said  that 
^pattdre  de  zifie^^  is  not  "powdered  zinc"  but  zinc  dust  (zinc- 
fltaub) ;  Sterry  Hunt  regaroed  the  albuminoids  as  "  nitriles"  not 
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as  ''  nitrites''  (and  as  this  mistake  occurs  in  several  places  it  can 
hardly  be  a  printer's  error) ;  "  itarU  ramenU'^^  (page  iii)  should  be 
rendered  "  reduced"  and  not  "  brought  back,  as  it  is  a  question 
of  converting  a  cupric  to  a  cuprous  compound  for  the  first  time. 

In  a  prefatory  note  the  translator  deliberately  chooses  to  ren- 
der "  invertir^^  "  inverti^^  etc.  by  "  alter,"  '•  altered,"  etc.,  instead 
of  the  much  more  familiar  "  invert,"  "  inverted,"  etc.  It  is  prob- 
ably also  to  the  choice  of  the  translator  that  we  owe  the  terms 
"  potass,"  "hydratation,"  " dishy dratation,"  "magnesium  subcar- 
bonate,"  and  "  marine  salt." 

We  may  pass  over  various  misprints,  mentioning  one  only,  by 
which  a  paragraph  headed  in  the  original  "  Oaz  Lumihre^^  ap- 
pears with  the  heading  "  Gas-light"  to  the  confusion  of  the  reader. 
We  may,  however,  criticize  the  constant  use  of  the  French  words, 
with  accents,  to  indicate  the  weights  and  measures  of  the  metric 
system,  and  also  the  giving  in  every  case  the  equivalent  in  Eng- 
lish weights  and  measures  (often  to  the  third  place  of  decimals) 
even  where  an  approximate  or  relative  number  is  mentioned.  As 
a  single  instance,  we  read  on  page  111,  " about  1  cub.  centimetre 
of  oxygen  (-061  cub.  in.)  for  each  10  cub.  cent.  ("61  cub.  in.)  of 
the  solution." 

It  is  most  certainly  to  be  hoped  that  the  promised  volumes  of 
Wurtz,  H.  SteClaire  Deville,  and  Berthelot  will  not  suffer  such 
treatment  at  the  hands  of  translators  as  have  Vogel  and  Schfttzen- 
berger.  As  far  as  the  reader  is  concerned,  it  is  at  present  safer  to 
procure  the  works  in  the  original  tongues ;  and  thus  one  promise 
of  the  International  Series  fails  to  be  fulfilled.  w.  h.  n. 

12.  Liquid  I^Vms. — Dr.  Sondhauss  has  extended  the  observa- 
tions of  Plateau  on  liquid  films  to  the  determination  of  the  extent 
to  which  different  liquids  can  be  stretched  in  wire  rings.  He 
observed  the  lamellae  in  closed  vessels  excluding  external  dis- 
turbances, measured  with  a  balance  their  tension  and  with  a  ma- 
nometer the  pressure  of  bubbles  on  the  enclosed  air;  he  also 
measured  the  weight  of  such  lamellae  and  bubbles,  whence  their 
thickness  might  be  inferred.  With  a  simple  contrivance  consist- 
ing of  a  thin  wire  bent  horizontally  to  an  angle,  and  a  straight 
wire  placed  across  and  drawn  gradually  away  u'om  the  angle,  it 
may  be  shown  that  all  liquids  may  be  stretched  in  lamellje,  and 
that  different  liquids  may  be  compared  in  this  respect.  But  Dr. 
Sondhauss  prefers  the  circular  wire  rings,  and  compares  (as  to 
size)  the  films  of  forty-six  different  liquids.  One  film  from  a 
guillaja  decoction,  to  which  a  little  glycerine  had  been  added, 
lasted  over  half  a  year. — Nature,  xiv,  37.  k-  c«  ^' 

13.  Law  of  Refraction, — Prof.  Foster,  at  a  recent  meeting  of 
the  Physical  Society,  exhibited  and  described  an  instrument  for 
illustrating  the  law  of  refraction.  It  is  founded  on  the  well-known 
method  of  determining  the  direction  of  the  ray  after  refraction  by 
means  of  two  circles  described  from  the  point  of  incidence  as 
a  center,  the  ratio  of  whose  radii  is  the  index  of  refraction.  If  the 
incident  ray  is  projected  to  meet  the  inner  circle,  and  through  the 
point  of  intersection  a  vertical  line  be  drawn,  the  line  drawn  from 
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the  point  of  incideDce  to  the  point  where  this  meets  the  onter 
circle  is  the  direction  after  refraction.  This  principle  is  applied  in 
making  a  self-adjusting  apparatus  as  follows :  A  rod  representing 
the  incident  ray  is  pivoted  at  the  point  of  incidence,  and  projects 
to  a  point  about  four  inches  beyond.  To  its  extremity  is  at- 
tached a  vertical  rod  which  slides  through  a  nut  in  another  rod 
also  pivoted  at  the  point  of  incidence.  The  lower  extremity  of 
the  vertical  rod  is  attached  to  a  link,  so  fixed  as  to  constrain  ft  to 
remain  vertical.  By  this  means  the  two  rods  always  represent 
respectively  the  incident  and  refracted  rays,  and  the  index  of 
refraction  can  be  varied  by  altering  the  position  of  the  nut, 
through  which  the  vertical  rod  passes,  on  the  rod  to  which  it  is 
attached. — Nature^  xiii,  535.  e.  c.  p. 

14.  Magnifying  QUxss, — Mr.  John  Browning  has  recently 
contrived  a  new  form  of  simple  magnifier  which  is  thus  described : 
The  platyscopic  lens  is  a  triple  combination,  in  which  the  chro- 
matic and  spherical  aberrations  are  corrected  by  a  central  lens  of 
dense  glass.    This  lens  is  nearly  three  times  as  thick  as  the  crown- 

flass  lenses.  The  interior  curves  are  almost  hemispheres.  The 
nal  correction  for  spherical  aberration  is  made  by  altering  the 
thickness  of  the  dense  glass  lens.  The  three  lenses  are  united  by 
a  transparent  cement  which  has  an  index  of  refraction  correspond- 
ing very  nearly  with  that  of  glass.  This  prevents  light  being  lost 
by  reflection  from  the  surface  of  the  deep  curves.  The  platyscopic 
lens  is  made  of  three  powers  magnifying  respectively  15,  20  and 
.HO  diameters.  It  possesses  the  convenience  of  the  Coddington 
lens  while  its  freedom  from  chromatic  and  spherical  aberration 
renders  its  definition  vastly  superior.  Its  workmg  distance  is  also 
much  greater  than  that  of  any  lens  of  equal  magnifying  power. 
This  is  very  perceptible  in  the  smallest  of  the  series  which  gives  so 
much  space  that  opaque  objects  can  be  viewed  with  the  greatest 
Dsu^ility — an  important  matter  to  naturalists  in  field  observations. 
A  very  good  view  is  also  obtained  through  water.  Owing  to  the 
perfect  corrections  the  internal  diaphragm  of  the  Coddington  lens 
IS  not  needed,  causing  a  vast  increase  of  light. —  Quart,  Joum,  of 
aM,^  I,  284.  K.  C.  P. 

15.  Nist€  Electro-Magnet. — M.  V.  Skrrin  calls  attention  to  the 
difficulty  experienced  with  powerful  electric  lights  from  the  heat- 
ing of  the  magnets  in  their  regulators.  The  effect  of  this  is  to  bum 
the  insulating  material  and  destroy  the  effect  of  the  magnet  by 
short  circuiting  it.  This  difficulty  is  avoided  by  a  metallic  helix 
with  no  insulating  covering  and  so  formed  that  the  spires  cannot 
touch.  The  helices  are  made  of  copper  cylinders  of  a  thickness 
equal  to  that  of  the  bobbin.  The  cores  are  then  covered  with  a 
vitreous  enamel.  The  construction  of  these  helices  presents  no 
especial  difficulty  and  has  the  advantages  of  beauty  and  that  it  is 
easily  taken  to  pieces.  The  cross-section  is  such  that  the  metal  is 
not  heated  perceptibly  to  the  touch  with  even  a  powerful  Bunsen 
battery,  while  it  may  be  heated  to  redness  without  undergo- 
ing sensible  change  or  losing  its  efficiency.  Some  further  im- 
provements have  been  introduced  into  the  regulator  so  that 
the  luminous  point  may  be  moved  without  ^xtinguifthing,  \t^^iSi%iV 
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ter  of  great  importance  in  light-houses.  In  the  model  the  car- 
bons are  15mms.  on  a  side  and  yet  notwithstanding  their  large 
size  the  sensibility  of  the  apparatus  is  so  great  that  a  small  ring 
of  rubber  placed  between  the  two  carbons  is  capable  of  arresting 
the  motion  without  undergoing  a  sensible  change  in  form. —  Cornp- 
t€8  Jtendusy  Ixxxii,  1 054.  B.  c.  p. 

16.  Electro-mctgnetic  Rotations, — Mr.  W.  Spottiswoode  in  a 
recent  communication  to  the  Royal  Society  discusses  the  phe- 
nomenon known  as  the  rotiting  spark.  A  powerful  magnet  being 
broueht  near  the  spark  the  latter  is  seen  to  assume  a  spiral  form 
which  is  right-handed  or  left-handed  according  to  the  direction  of 
the  current  and  of  the  magnetic  polarity.  The  spark  was  passed 
between  the  poles  of  an  electro-magnet  and  the  effect  on  the  form 
of  the  discharge  caused  by  exciting  the  magnet  was  observed.  For 
this  purpose  the  movable  poles  were  insulated  from  the  main  body 
of  the  magnet  by  interposing  a  sheet  of  ebonite  thick  enough  to 
prevent  the  passage  of  the  spark. 

The  discharge,  as  is  well  known,  consists  of  two  parts,  the 
spark  proper  and  a  bright  cloud  or  flame  surrounding  it  which 
may  be  thrown  to  one  side  by  a  current  of  air.  The  spark  is  but 
little  affected  by  the  magnet,  but  the  flame  is  at  once  spread  oat 
into  a  sheet  forming  a  right  or  left  handed  helicoid  according  to 
the  direction  of  the  current,  and  following  Ampere's  law.  Similar 
effects  were  obtained  with  other  gases  and  at  other  pressures. 
The  brilliancy  may  be  increased  by  attaching  a  piece  of  sodium 
to  the  negative  terminal,  or  by  causing  a  stream  of  any  of  the  vola- 
tile chlondes  to  flow  acrost'  the  fleld  of  action.  The  following 
explanation  is  due  to  Prof.  Stokes.  Supposing  the  magnetic  field 
to  be  uniform,  the  lines  of  force  will  be  straight  lines  from  pole  to 
pole.  In  such  a  condition  everything  being  symmetrical,  no  rota- 
tion would  take  place.  But  if  through  any  local  circumstance 
the  path  of  the  current  be  distorted  or  displaced,  then  each  ele- 
ment will  be  subject  to  two  forces,  one  tending  to  turn  the  cur- 
rent around  the  axis,  the  other  tending  to  make  it  follow  the 
shortest  path  so  as  to  diminish  the  resistance. 

The  general  nature  of  the  phenomenon  may  be  described  as 
follows:  First,  we  have  the  bright  spark  of  no  sensible  duration 
which  strikes  nearly  in  a  straight  line  between  the  terminals. 
This  opens  a  path  for  the  continuous  discharge  which  being  nearly 
in  a  condition  of  equilibrium,  though  an  untranslatable  one,  re- 
mains a  short  time  without  much  change  of  place.  Then  it  moves 
rapidly  to  its  position  of  equilibrium,  the  surface  which  is  its  locus 
forming  the  sheet.  Then  it  remains  in  its  position  of  equilibrium 
during  the  greater  part  of  the  discharge,  approaching  the  axis 
again  as  the  discharge  falls,  so  that  its  equilibrium  position  is  not 
so  far  from  the  axis.  Thus  we  see  two  bright  curves  correspond- 
ing to  the  two  positions  of  approximate  rest  united  by  a  less 
bright  sheet ;  the  first  curve  lies  nearly  in  a  straight  line  and  the 
second  nearly  in  a  helix  traced  on  a  cylinder  of  which  the  former 
line  is  a  generating  line.  The  appearance  of  the  discharge  when 
viewed  in  a  revolving  mirror  confirms  the  above  remarks.— 
N(Uure^  xiii,  698.  e.  a  p. 
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IL  Geology  and  Mineralogy. 

I.  Recent  Discoveries  of  Extinct  Animals  by  Professor  Marsh, 
— In  a  lecture  to  the  Oradnating  ClasB  of  Tale  College,  delivered 
in  the  new  Peabody  Museum,  June  3d,  Professor  O.  C.  Marsh  gave 
a  brief  risumi  of  the  more  important  results  of  his  late  paleonto- 
logieal  researches  in  the  Rocky  Mountain  region.  His  explora- 
tions, which  were  attended  with  much  hardship  and  danger,  have 
been  mainly  confined  to  the  Cretaceous  and  Tertiary  formations, 
and  especially  to  their  vertebrate  fauna.  During  the  past  six 
years,  the  expeditions  under  his  charge  have  brought  to  light 
more  than  300  species  of  fossil  vertebrates  new  to  science,  about 
200  of  which  he  nas  already  described. 

Among  the  extinct  animals  thus  discovered,  were  many  new 
groups,  representing  forms  of  life  hitherto  unknown.  The  most 
interesting  of  these  are  the  Cretaceous  Odontomithes^  or  Birds 
with  teeth,  which  constitute  a  new  sub-class,  containing  two  dis- 
tinct orders,  viz :  the  OdontolccB,  which  have  the  teeth  in  grooves, 
and  the  OdontotormcB^  with  teeth  in  distinct  sockets.  The 
former  were  swimming  birds  of  gigantic  size,  with  rudimentary 
wings,  and  the  vertebrsB  as  in  modern  birds.  The  type  genus 
is  Mesperornis^  and  three  species  are  known.  The  second 
order  embraces  at  present  only  small  birds  with  powerful  winss, 
and  biconcave  verteorse.  The  type  genus  is  Ichtnyomis^  and  the 
geological  horizon  is  upper  Cretaceous.  Another  discovery  of 
importance  from  the  same  formation  was  Pterodactyls,  or  flying 
reptiles,  the  first  detected  in  this  country.  These  are  of  much 
interest,  on  account  of  their  enormous  size, — some  having  a  spread 
of  wings  of  more  than  twenty-five  feet, — but  especially  as  they 
were  destitute  of  teeth,  and  hence  resembled  recent  birds.  They 
form  a  new  order,  PteranodorUiay  from  the  typical  genus  Pter- 
anodonj  six  species  of  which  are  now  known.  With  these 
fossils  were  found  large  numbers  of  Mosasauroid  reptiles,  and 
remains  of  more  than  600  different  individuals  were  collected. 
These  proved  to  belong  to  two  new  families,  Tylosauridae  and 
EdestosauridcB,  Some  of  the  former  attained  a  length  of  sixty 
feet,  while  the  latter  were  much  shorter,  the  smallest  being 
less  than  ten  feet.  These  groups  included  several  new  genera 
and  many  species.  This  large  series  of  specimens  enabled  Pro- 
fessor Marsh  to  clear  up  many  doubtful  points  in  the  struc- 
ture of  these  reptiles,  and  to  determine  that  they  possessed  hind 
paddles,  and  were  covered,  in  part  at  least,  with  bony  dermal 
scutes.  Many  other  Birds,  Reptiles  and  Fishes  were  found  in  the 
same  Cretaceous  strata. 

The  discoveries  of  Professor  Marsh  and  party  in  the  Tertiary  of 
the  West  were  of  no  less  importance.  The  most  interesting  are 
those  made  in  the  two  Eocene  lake-basins  between  the  Rocky 
Mountains,  and  the  Wahsatch  Range.  These  basins  were  ex- 
plored by  Professor  Marsh  in  1870,  and  their  Eocene  age  then 
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first  determined  His  explorations  in  this  region  have  secured 
to  science  over  160  species  of  new  vertebrates,  most  of  them 
widely  different  from  any  hitherto  known.  The  most  remarkable 
of  these  are  the  ^gantic  mammals  of  the  new  order  Dinocerata,  the 
type  genus  of  which  is  Dinocercui,  These  animals  nearly  equalled 
the  Elephant  in  size,  but  the  limbs  were  shorter.  The  skull  was 
aimed  with  two  or  more  pairs  of  horn-cores,  and  with  enormous 
canine  tusks,  similar  to  those  of  the  walrus.  The  brain  was  propor- 
tionally smaller  than  in  any  other  land  mammal.  Three  genera  and 
several  species  are  known.  Remains  of  more  than  100  distinct 
individuals  were  obtained,  and  are  now  in  the  Yale  Museum.  The 
Tillodontia  are  another  new  order  of  mammals  discovered  in  the 
same  Eocene  deposits.  They  possess  many  remarkable  characters, 
which  indicate  affinities  with  the  Carnivores,  Rodents,  and  Ungu- 
lates. There  are  two  well  marked  families,  the  Tillotheridce^  from 
the  typical  genus  TYUot/ierium,  which  has  Rodent-like  incisors ;  and 
the  Stylinodontidm^  in  which  all  the  teeth  grew  from  persistent 
pulps.  The  largest  of  these  peculiar  animals  was  about  the  size 
of  a  Tapir.  One  of  the  most  interesting  discoveries  made  by  Pro- 
fessor Marsh  in  the  Eocene  of  Wyoming  was  the  remains  of  Quad- 
ruraana,  the  first  found  in  the  strata  of  America.  These  earlv 
Primates  appear  to  be  related  both  to  the  Lemurs  of  the  old  world, 
and  to  some  of  the  South  American  Monkeys.  Two  families  are 
known,  the  Lermiravidrp.^  from  Lemurtivu%.  the  principal  genus, 
which  has  44  teeth,  and  the  Lhnnotheridcp.^  which  have  not  more 
than  40.  The  latter  group  is  rich  in  genera  and  species.  Among 
the  other  Eocene  Mammals  discovered  were  Mai*supials  and  Bats, 
not  before  known  in  a  fossil  state  in  this  country.  One  of  the  most 
important  Eocene  Mammals  found  was  a  small  ungulate,  which  is 
the  oldest  known  ancestor  of  the  horse.  It  was  about  as  large 
as  a  fox,  and  had  four  toes  before  and  three  behind.  The  genus 
was  named  Orohippus^  and  several  species  were  discovered. 
These  remains,  in  connection  with  others  from  the  later  Tertiary, 
enabled  Professor  Marsh  to  trace  the  line  of  descent  which  has 
apparently  produced  the  modem  horse.  In  addition  to  the 
Eocene  Mammals,  many  species  of  Birds,  Serpents,  Lizards,  and 
other  vertebrates  were  collected. 

The  discoveries  made  by  the  same  expeditions  in  the  Miocene 
and  Pliocene  lake-basins  of  the  Rocky  Mountains  and  Pacific  coast 
were  likewise  very  numerous,  and  many  new  forms  of  animal  life 
were  brought  to  light.  One  group  of  mammals  found  in  the  early 
Miocene  of  Oregon  is  allied  to  the  modern  ^Rhinoceros,  but  dif- 
fers in  having  a  transverse  pair  of  horn-cores  on  the  nasal  bones. 
The  genus  was  called  Diceratherium,  and  one  of  its  species  is  the 
oldest  known  member  of  the  Rhinoceros  family,  if  not  its  progen- 
itor. The  most  remarkable  mammals  found  in  the  Miocene  were 
the  huge  BrontotJieridoe,  which  are  apparently  allied  both  to  the 
above  group  and  to  the  Eocene  Dinocerata.  They  equalled  the 
latter  in  size,  and  had  also  an  elevated  pair  of  horn-cores  on  the 
maxillary  bones.     One  genus  of  this  family  was  previously  known 
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by  imperfect  specimens.  Besides  Brontotherium^  several  other 
new  genera  of  this  group  were  found,  represented  by  portions 
of  over  200  individuals.  With  these  remains  was  discovered 
a  genus  of  small  equines,  Mesohippus^  about  as  large  as  a  sheep, 
and  having  three  toes  on  each  foot,  with  an  additional  '*  splint '' 
bone  on  those  in  front,  thus  forming  an  interesting  Miocene  link 
in  the  genealogy  of  the  horee,  completed  by  the  Pliocene  genera. 
Over  30  species  of  fossil  horses  were  collected  in  these  formations. 
Among  the  interesting  animals  obtained  in  the  Pliocene  deposits 
were  two  species  of  large  Edentates,  the  first  Tertiary  representa- 
tiveflofthis  order  from  America.  They  belong  to  a  new  genus, 
Morotherium.  There  were  also  found  large  numbers  of  Rhino- 
ceroses, Camels,  Suillines,  and  other  mammals,  as  well  as  many 
Birds,  Reptiles,  and  Fishes. 

A  studj  of  the  larfi:e  series  of  extinct  animals  thus  collected, 
and  now  in  the  Tale  Museum,  promises  to  throw  much  light  on 
the  development  of  life  on  this  continent,  and  Professor  Marsh  has 
already  drawn  from  them  some  important  principles.  One  of  these 
relates  to  the  size  and  growth  of  the  brain  in  Mammals,  from  the 
beginning  of  the  Tertiary  to  the  present  time.  The  conclusions 
reached  may  be  briefly  stated  as  follows :  firat^  All  Tertiary  mam- 
mals had  small  brains ;  second^  there  was  a  gradual  increase  in 
the  size  of  the  brain  during  this  period;  thirds  this  increase  was 
mainly  confined  to  the  cerebral  hemispheres,  or  higher  portion  of 
the  brain ;  fourth^  in  some  groups,  the  convolutions  of  the  brain 
have  gradually  become  more  complicated;  fifths  in  some,  the 
cerebellum  and  olfactory  lobes  have  even  diminished  in  size. 
There  is  some  evidence  that  the  same  general  law  of  brain-growth 
holds  good  for  Birds  and  Reptiles  from  the  Cretaceous  to  the 
present  time. 

Some  additional  conclusions  in  regard  to  American  Tertiary 
Mammals,  so  far  as  now  known,  are  as  follows:  Firat^  all  the 
Uugulata  from  the  Eocene  and  Miocene  had  upper  and  lower 
incisors;  secon*/,  all  Eocene  and  Miocene  mammals  had  separate 
scaphoid  and  lunar  bones ;  third,  all  mammals  from  these  forma- 
tions had  separate  metapodial  bones. 

In  conclusion.  Professor  Marsh  stated  that  his  work  in  the  field 
was  now  essentially  completed,  and  that  all  the  fossil  remains 
collected,  and  in  part  described,  were  now  in  the  Yale  College 
Museum.  In  future,  he  should  devote  himself  to  their  study  and 
fiill  description ;  and  hoped  at  no  distant  day  to  make  public  the 
complete  results. 

2.  JRepori  upon  Geographical  and  Geological  JExplorationa 
and  Surveys  toest  of  the  100th  Meridian,  in  charge  of  Lieut.  G. 
M.  Whekler,  Corps  of  Engineers,  U.  S.  Army.  Published  by 
authority  of  the  Secretary  of  War. — The  reports  of  the  work  done, 
up  to  the  close  of  1873,  make  six  volumes:  I.  The  Oeographical 
Report ;  IL  A  Report  on  the  Astronomy  and  Meteorology ;  III. 
On  the  Geology  and  Mineralogy ;  IV.  On  the  Paleontology ;  V. 
Od  the  Zoology ;  and  YL  On  the  Botany.     Besides  these,  there 
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are  to  be  two  atlases,  one  topographical  and  one  geologicaL 
Volume  111,  and  Part  I  of  volume  IV  have  recently  been  published. 

Vol.  III.  Otology^  682  pp.  4to,  with  maps,  sketches  and  sec- 
tions. The  geological  reports,  on  portions  of  California,  Nevada, 
Utah,  Colorado,  New  Mexico  and  Arizona,  making  up  this  vol- 
ume, are  a  record  of  good  work  and  of  valuable  results.  Two  of 
the  reports  are  by  G.  K.  Gilbert,  and  one  each  by  A.  R.  Marvine, 
E.  E.  Howell,  «f.  J.  Stevenson  and  Oscar  Loew.  Part  of  the 
observations  and  conclusions  of  Mr.  Gilbert  are  broucrbt  out  in  an 
article  by  him,  in  this  Journal,  commenced  on  page  16  of  this 
volume.  They  cover  the  subjects  of  orology,  erosion,  glacial 
phenomena,  volcanic  rocks,  and  the  stratified  rocks.  All  the 
reports,  and  especially  Mr.  Gilbert's,  throw  much  light  on  the 
characters  and  dynamics  of  displaced  and  folded  rocks, — a  subiect 
which  the  prevailing  absence  of  soil  and  forest  makes  easy  of  in- 
vestigation. The  volume  is  illustrated  by  several  fine  plates  of 
scenery  along  the  valleys  illustrating  erosion,  and  one  a  case  of 
"  rain-sculpture  "  exemplifying  admirably  the  origin  of  mountain 
forms. 

Mr.  Loew's  report  discusses  the  agricultural  resources  and  soil 
of  the  regions  examined  in  Colorado,  New  Mexico,  and  Arizona, 
gives  analyses  and  descriptions  of  mineral  waters  and  minerab, 
and  describes  the  eruptive  rocks. 

Vol.  IV.  Paleontology^  Part  L  Report  on  the  Invertebrate 
Fossils  collected  in  portions  of  Nevada,  Utah,  Colorado,  New 
Mexico  and  Arizona,  by  the  expeditions  of  1871-1874,  by  C.  A 
White,  M.D.,  220  pp.  4to,  1876. — After  some  general  observations 
on  the  collections  and  the  periods  they  represent.  Professor  White 
takes  up  the  description  of  the  fossils  in  the  order  of  the  forma- 
tions, and  illustrates  the  large  number  of  species  with  twenty-one 
well-filled  quarto  plates.  ITie  fossils  belong  to  the  Primordial, 
Canadian  and  Trenton  periods  of  the  Lower  Silurian ;  a  few  species 
to  the  Devonian ;  nearly  half  of  all  to  the  Carboniferous  age,  some 
of  them  Subcarboniferous,  but  the  larger  part  of  the  Coal  period ; 
a  few  (eight)  to  the  Jurassic  period ;  many  to  the  Cretaceous,  .and 
fifteen  to  the  Tertiary.  The  Primordial  animal  fossils  enumerated 
and  described  are  Acrotreta  eubsidua  White,  Trema4iis  pannuhis 
White,  Hyolithea  primordialie  Hall  (?),  Agnostus  intestridUB 
White,  Conocoryphe  Kingii  Meek,  Asaphiscus  Wheeleri  Meek, 
Olenellus  Gilberti  Meek,  O,  HoweUi  Meek. — The  beds  of  the 
Cana<iian  period  (Quebec  Group)  afforded  him  twelve  species, 
among  which  are  the  Graptolite,  Phyllograptus  Loringi  White, 
and  the  trilobites,  Megalctspis  belemnurus  White,  and  JXceUoceph- 
cU%b8  f  JUigricaudua  White.  Fom*  species  of  Graptolites  are  men- 
tioned from  the  Trenton  beds,  G,  priatia?  and  G.  quadrimucro- 
natusf  of  Hall,  G,  ramulus  White,  and  G.  hypniformis  White. 
The  Primordial  fossils  are  from  Antelope  Spring,  House  Range,  in 
Utah,  from  Pioche  in  Nevada,  and  from  Ophir  City,  Oquirrh 
Range,  in  Utah ;  the  Quebec  fossils  are  from  Fish  Spring  in  House 
Range,  and  from  Schellboume  and  Queen  Spring  HiU  in  Scfaell 
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Creek  Range  in  Nevada.  Of  Subcarboniferous  species,  five  from 
a  locality  below  Opbir  City,  are  identical  witb  Mississippi  Valley 
species,  of  the  Kinderhook  group,  Strophornetia  rhomboidalUj  Spi- 
rifer  peculiariSj  Sp.  centronatus,  JSp.  extenuattta^  and  Terebratuia 
JBurlingtonensU,  Prof.  White  remarks  on  the  similarity  of  the 
conditions  in  the  coal-measure  area  over  the  Rocky  Mountain 
region  to  those  of  the  Subcarboniferous,  and  thus  accounts  for  the 
close  relations  of  the  two  in  fossils.  Of  the  coal -measure  plants  in 
the  collection  there  is  only  a  single  specimen  each  of  SigiUaria 
and  Neuropteria^  land  plants  being  the  rarest  of  fossils. 

The  descriptions  of  species  tliroughout  the  work  are  well  drawn 
up,  and  many  points  of  general  interest  are  brought  out. 

3.  Historical  Sketch  of  Geological  MeplorationB  in  Pennsyl- 
vania  and  other  States;  by  J.  r.  Lesley,  with  an  appendix, 
200  pp.  and  xxvi  pp.  8vo.  Harrisburg,  1876. — Prof.  Lesley's  re- 
view of  early  American  geological  papers  and  explorations,  con- 
stituting his  chapter  I,  will  be  read  with  great  interest  It  is 
written  with  spirit  and  illustrates  well  the  progress  of  geological 
ideas  in  the  country,  though  laughing  sometimes  too  heartily  and 
inconsiderately  we  think  over  old  errors  incident  to  that  progress. 

Chapter  II  treats  of  the  work  of  the  short-lived  "  Geological 
Society  of  Pennsylvania,"  and  "  what  it  did  to  bring  about  the 
first  geological  survey  of  the  State." 

Chapter  III  gives  a  detailed  history,  geological  and  personal, 
of  the  first  geological  survey  of  Pennsylvania,  and  has  special 
Talue  since  some  of  the  most  important  principles  now  adopted 
in  North  American  geology  were  tnen  developed.  In  some  cases, 
however,  the  views  commended  by  the  author  are  not  those 
which  most  othei-s  would  equally  commend.  For  instance,  this : 
*'that  existing  mountains  are  the  remains  of  a  continent  once 
standing  at  some  easily  determined  higher  level  than  the  present 
continent;"  and  that  this  idea  "has  sent  out  of  existence  the  old- 
time  notions  of  mountains  of  elevation."  The  principle  cited 
looks  stranee  along  side  of  the  fact — one  of  many — that  a  large 
portion  of  the  Rocky  Mountain  region  was  under  salt  water  in  the 
Cretaceous,  and  has  since,  some  how,  got  up  six  to  ten  thousand 
feet  above  the  sea-leveL  It  involves  an  exaggerated  use  of  one 
good  idea  at  the  expense  of  another  of  greater  importance.  But 
notwithstanding  some  such  peculiarities,  and  the  too  great  free- 
dom of  personal  remark  occasionally  indulged  in,  American  science 
is  indebted  to  the  author  for  the  history. 

4.  Second  Annual  B^ort  of  the  Geological  and  Agricultural 
Survey  of  Texas;  by  S.  fe.  Buckley,  State  Geologist.  96  pp.  8vo. 
Houston,  Texas,  1876. — ^This  report  makes  brief  mention  of  some 
locaiities  of  the  different  rock-formations  of  the  State,  and  treats 
more  at  length  of  the  mineral  and  agricultural  products.  It  is 
stated  that  in  the  valley  of  the  Rio  Grande,  from  six  miles  below 
Fort  Quitman  northward  to  £1  Paso,  there  are  two  and  sometimes 
three  terraces.  The  two  upper  consist  of  sand  and  gravel.  The 
gravel  is  often  filled  with  large  water-worn  quartz  pebbles,  and  in 
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some  places  have  a  thickness  of  100  feet  or  more ;  and  for  a  large 
part  of  the  way  it  is  fifteen  or  twenty  miles  from  the  river.  Veins 
of  argentiferous  galena  are  reported  in  the  Organ  Mountains,  in 
El  Paso  County,  and  in  the  Chinati  Mountain,  Presidio  County, 
(affording  16  to  76  dollars  of  silver  to  the  ton);  and  five  miles 
northeast  of  Mason  in  Mason  County. 

A  mass  of  meteoric  iron  is  contained  in  the  State  collections  at 
Austin,  weighing  815  pounds,  which  is  said  to  have  been  found  on 
the  head  waters  of  the  Red  River,  northward  of  Young  County. 

6.  Primordial  of  Scandinavia, — According  to  G.  Linnarssen 

iGeoL  Mag.,  April,  1876,  p.  146,  in  a  reply  to  a  paper  by  Mr.  H. 
licks),  the  oldest  fossiliferous  rocks  of  Scandinavia  consbt,  in 
ascending  order,  of  (1)  the  Eophyton  sandstone;  (2)  the  Fucoid 
standstone ;  and  ^3)  the  Paraaoxides  schists ;  and  the  last  corre- 
sponds to  the  Harleck  and  Menevian  groups  of  the  British  Lower 
Cambrian.  The  Paradoxides  schists  contain  the  Trilobite  genera 
Paradoxides  (Anopolenus,  Plutonia)^  Conocoryphe  (Erinny8\ 
Microdiscua^  Arionellue,  Agnostus^  and  also  JLeperditiay  Jatyo- 
lithitSy  LingvleUay  OboleUa^  Orthis,  Protospongia^  etc.  The  beds 
below  the  Paradoxides  schists  contain  no  trilobites.  The  Fucoid 
sandstone  has  afforded  two  species  of  Lingulidoe,  and  the 
Eophyton  sandstone  a  number  of  species  of  Brachiopods,  Pteropod$j 
SpongicBy  besides  the  doubtful  Uruziana^  JSdrlania  {Artkrophy- 
CM#),  Eophyton^  etc.  Forms  like  those  of  Cruziana  and  Ehphytan 
have  been  found  also  at  other  horizons  higher  in  the  Silurian,  and 
a  Harlania  much  like  the  Primordial  in  the  Rhaatio  beds  of  Scania. 
One  of  the  Brachiopods  of  the  lower  beds  of  the  Eophyton  sand- 
stone is  the  Lingula  or  Obolus  monilifer^  but  it  probably  per- 
tains to  a  new  genus ;  and  two  other  fossils  are  Hyolithua  ioBVtgor 
tu8  and  Astylospongia  radiata.  The  thickness  of  the  sandstone 
under  the  Paradoxides  schists  in  Scandinavia  is  but  a  fifteenth 
of  that  of  the  corresponding  beds  in  the  English  Cambrian ;  but 
this  is  no  evidence  that  the  former  are  younger  than  the  latter. 

The  "  Primordial  zone  "  or  stage  C,  of  Bohemia  is  younger  than 
the  oldest  fossiliferous  strata  of  Scandinavia,  and  corresponds 
most  nearly  with  the  middle  of  the  Paradoxides  schists.  That 
any  identical  species  occur  in  both  is  not  certain ;  but  there  are 
several  that  are  closely  related,  as  Paradoxus  Tessini  and  P.  ^i- 
fWSiM,  EUipsoc^halua  Hoffi  and  Agnostus  rex, 

6.  OlacicU  flood, — In  a  paper  "  on  the  Drift-deposits  of  the 
Northwest,"  in  the  Popular  Science  Monthly  for  July,  1878,  Prof. 
N.  H.  Winchell  presents  the  view  that  the  terraces  along  the  riv- 
ers and  about  the  lakes  of  the  Northwest  [the  northern  part  of 
the  Continental  Interior]  are  due  solely  to  floods  aion^  the 
rivers  and  the  lakes  consequent  on  the  melting  of  the  great  gutcier. 
The  investigations  which  1  have  made  since  the  publication  of  his 
paper,  and  which  are  the  subject  of  my  recent  memoir  on  South- 
ern New  England,  have  satisfied  me  that  in  this  he  is  essentially 
right.  Prof.  Winchell  argues,  thence,  against  the  opinion  that 
the  Champlain  period  was  one  of  more  or  less  depression  of  the 
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land  oyer  the  higher  latitudes  of  the  Continent  But  thiB  conclu- 
sion does  not  necessarily  follow,  as  is  evinced  by  the  fects  over 
New  England.  When  he  says  ^'the  fonr-hundred-foot  beach  near 
Montreal  may  have  had  the  same  origin  as  the  so-called  beaches 
that  rise  several  hundred  feet  higher  in  the  State  of  Ohio,"  his  lan- 
guage is  ambiguous ;  but  interpreting  it  by  the  context  it  is 
wrong,  if  we  may  ti-ust  Logan,  Dawson,  and  others,  who  have 
studied  those  high  St.  Lawrence  **  beaches ;"  for  these  geologists 
describe  them  as  true  sea  beaches  and  under-water  marine  depos- 
its, containing  marine  shells,  and  some  of  the  beds,  as  1  know  from 
examination,  are  full  of  such  shells;  and  this  they  could  not  be  if 
made  by  fresh  water  floods.  The  same  is  true  of  the  elevated 
beaches  on  Lake  Champlain,  and  of  others  on  the  Coast  of  Maine. 
Wherever  such  beaches  occur  they  prove  a  depression  of  the  land 
during  the  era  of  their  formation ;  and  their  wide  distribution  leads 
to  the  natural  inference  that  all  northern  New  England  partici- 
pated in  the  subsidence.  Such  Eastern  facts  do  not,  however, />rc»v€ 
that  the  Continental  Interior,  farther  west,  participated  in  the  sub- 
sidence; and  yet  thb  may  have  been  a  fact.  VVhetherso  or  not 
facts  that  will  demonstrate  the  truth  are  difficult  t<.>  find  over  the 
interior  of  a  wide  continent,  and  hence  a  uniform  opinion  among 
geologists  may  never  be  reached.  j.  d.  d. 

7.  On  the  Ice  Age  in  Great  Britain  ;  by  Ralph  Richardson. — 
In  this  paper  (Proc.  Edinburgh  Geol.  Soc,  1876)  the  author  gives 
the  facts  with  regard  to  the  shallow  depths  of  ocean  between 
Great  Britain  and  Iceland  and  Greeuland  on  one  side  and  over 
the  Grerman  Ocean  on  the  other,  and  presents  reasons  for  believing 
that  there  was  dry  land  over  the  region  in  the  Glacial  era ;  that 
the  Glaciers  of  Great  Britain  came  over  this  emerged  land  from 
the  north  and  west;  and  that  the  cold  of  the  Glacial  era  was  due 
in  part  at  least  to  the  closing  thus  of  the  Arctic,  and  excluding 
thereby  the  Gulf  Stream.  The  facts  appear  to  sustain  the  con- 
clusions. The  depth  between  Britain  and  Iceland  mostly  does  not 
exceed  100  fathoms,  and  no  where  exceeds  1,000 ;  and  one  tract  of 
sea  extending  in  a  straight  line  from  the  eastern  coast  of  Grt'cn- 
land  via  Iceland  and  Faroe  to  Scotland  does  not  exceed  5U0  fatii- 
oma.  The  depth  of  the  sea  in  the  English  Channel  is  only  about 
20  fathoms,  and  the  average  depth  of  the  North  Sea  or  Ger- 
man Ocean  is  not  over  40  fathoms  or  240  feet.  The  depth  between 
Britain  and  Greenland  is  small  compared  with  the  average  depth 
of  the  Atlantic.  The  author  closes  with  the  conclusion,  that  one 
of  the  oscillations  of  level,  such  as  have  often  occurred  over  the 
earth's  surface,  had  the  effect  to  "unite  Britain  and  Northern 
Europe  with  Greenland  and  the  Arctic  regions;"  "to  give  the 
polar  ice-fields  access  to  Europe ;''  "  to  divert  the  coui*se  of  the 
Golf  Steam  and  free  Northwestern  Europe  from  its  influence; 
and,  in  conjunction  probably  with  some  diminution  in  the  influ- 
ence of  the  sun,  to  produce  a  Glacial  epoch." 

8.  Otology  of  Spitzbergen, — The  following  facts  and  views  on 

the  Geology  of  bpitzbergen  are  taken  from  articles  by  Prof.  Nord- 

Am.  Joub.  Sol— Third  Sibibs,  Vol.  XII,  No.  67.~Jult,  1876. 
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enski5ld  in  the  Janoanr  and  February  numbers  of  the  Geological 
Magazine,  edited  by  H.  Woodward,  F.R.S, — The  glacial  scratches 
in  the  fiords  opening  into  Bell  Sound  appear  to  indicate  that  the 
west  coast  of  Spitzbergen  extended  at  least  to  the  series  of  islands 
and  rocks  by  which  the  land  is  now  environed ;  and  that  ^'  during 
the  Glacial  period  that  coast  was  the  west  coast,  not  merely  of 
an  island,  but  of  a  considerable  Arctic  continent,  which  toward  the 
south  was  connected  with  Scandinavia  and  toward  the  east  with 
Continental  Siberia.**    These  words  are  italicized. 

No  strata  containing  Silurian  fossils  have  yet  been  found, 
although  it  is  probable  that  the  Scandinavian  Silurian  formation 
is  represented  by  dolomitic  beds,  slales,  and  quartzyte  in  Mt. 
Hecca  Hook  on  Treurenberg  Bay.  The  last-mentioned  quartzyte 
in  Lomme  Bay  is  overlaid  by  slates,  limestone,  sandstone,  and 
conglomerates,  which  have  afforded  remains  of  fishes  and  some 
other  undetermined  fossils  and  are  probably  of  the  age  of  Upper 
Devonian  or  Lowest  Carboniferous. 

The  rocks  of  the  Carboniferous  age  include  a  lower  and  an 
upper  Subcarboniferous  limestone,  and  the  true  Carboniferous  for- 
mation. 

The  Lower  SubcarhoniferotM  beds  (called  "Ursa  Stage *•  by 
Heer),  are  best  developed  on  Bear  Island,  and  include  therein 
sandstone  with  some  slate  and  coal ;  they  occur  also  on  Ice  and  Bell 
Sounds.  The  eighteen  Bear  Island  species  that  have  been  deter- 
mined are  Catamites  radiatus  Brgn.,  Cordiopteris  Jrondosa 
GcBpp.,  G,  polymorpha  Gcepp.,  Patceopteris  Rvemeriana  G<Bpp., 
Sphenopteris  Schimperi  Goepp.,  Lepidodendron  VeUhsimianmn 
St.,  L,  commutatum  Sch.,  Z.  Camehgyianum  H.,  Z.  Wijkianum 
H.,  LepidcphyUum  Hoemeri  H.,  Knorria  imhricata  St.,  Kn. 
acicularis  Goepp.,  Cyclostigma  Kiltorkense  Haught.,  C.  minutum 
Haught.,  HcUania  tuberculosa  Brgn.  ?  Stigmariaficoides  St.,  Cadi- 
ocarpum  punctatum  Goepp.  and  Herg.,  C\  ursinum  H. 

7%€  Upper  Sitbcarboni/erous  formation  consists,  beginning  be- 
low, of  (1)  dolomite;  (2)  red  and  white  sandstone;  (3)  Cyatho- 
phyllum  limestone,  containing  fossil  corals^  BrachiopodSy  Crinoi- 
dai  remains^  a  £Juomphalus  /  ^4)  Spirifer  limestone  and  gypsum, 
affording  numerous  remains  of  Spirifer  and  some  of  JP^oaucHu; 
(5)  Productus  limestone  and  flint.  The  formation  has  afforded 
4  species  of  polyp  corals,  2  of  Crinoids,  7  of  Bryozoans,  34  of 
Brachiopods,  11  of  Lamellibranchs,  2  of  Gasteropods,  2  of 
Crustaceans,  and  1  of  Spongia.  They  include  some  species  that 
have  been  supposed  to  be  exclusively  Permian,  as  Camaraphoria 
JSumbletonensis  Howse,  Productus  Cancrini  Vem.,  Productus  lie- 
playi  Vem.,  P.  horridus  Sow.,  tStrophcUosia  lameUosa  G«in.  P. 
horridus  is  very  abundant  and  occurs  of  great  size  (86  mm.  by  67), 
nearly  twice  as  large  as  is  known  from  the  Permian.  The  beds 
contain  also  the  Silurian  species  Rhynchonella  pleurodon  Sow., 
but  no  Orthis ;  the  Russian  Subcarboniferous  species  Spirifer 
incrassatus^  Sp.  bisiUcattM  var.  Sarana,  Terebi^atula  fusiformiSy 
Productus  Mumboldtiy    Chonetes  variolaris  ;  and  the  Carbonifer- 
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OI18  species  JSiu>mphalus  cattUua^  Monticultpora  tumichy  Chm" 
tete$  radianSy  CycUhapht/Uum  ibicinumy  SyringoporcBy  etc. 

The  CocU-Measures  have  been  distinj^uished  on  Spitzbergen 
only  "  in  Robert's  Valley,  on  the  eastern  side  of  the  great  bottom 
fflaoier  in  Recherche  Bay,"  where  the  thickness  is  1,000  to  2,000 
feet.  There  is  some  black  shale  but  no  true  coal.  Species  of  t^he- 
nopUriSyCordaUea  {Cbaracifoliasokd  C.primordialu)^  Lepidoden- 
dran  are  common,  and  some  occar  of  Stigmaria^  SphenophyUumy 
AsterophyUiteSy  but  none  of  Pecopteris  and  Neuropteris.  The 
same  strata  probably  extend  over  Cape  Ahlstrand  to  Van  Keu- 
len's  Bay,  and  may  occur  at  various  other  places. 

The  TViasaic  formation  is  met  with  in  Ice  Sound.  The  beds 
are  principally  black  clay  slate  with  some  beds  of  limestone  and 
coprolitic  layers.  The  beds  have  afforded  remains  of  IcJuhyoaau- 
ru8  polaris  Hulke  (of  the  size  of  /  Platiodon)^  I,  Nbrdenskidldii 
Hulke,  Acrodus  Spitzbergensis  Hulke,  and  other  vertebrates  yet 
undetermined,  besides  (according  to  Dr.  Lindstr5m)  Ceratites 
Makngrenii  JAndstr.y  Halobia  licmmelii  Wissm.,  H.  ZUteli  Linds., 
species  of  PoHdonia,  Monotis^  etc.  Some  of  the  coprolites  con- 
tain 23  per  cent  of  phosphoric  acid. 

9.  The  Coal  £iras  of  India^  and  a  Permian  or  Triaesic  Ola- 
eial period, — Mr.  H.  T.  Blanford,  in  an  able  paper  in  the  Quar- 
terly Journal  of  the  Geological  Society  of  London  for  1875,  p. 
619,  discusses  at  length  the  age  of  the  coal-bearing  strata  of 
India  and  the  evidences  of  a  Glacial  era  in  underlying  conglom- 
erate beds. 

(1).  Coal  beds  and  Eras. — He  aiiives  at  the  conclusion,  with 
regard  to  the  coal-beds,  that  they  range  from  the  Lower  Permian 
to  the  latest  Jurassic. 

The  beds  of  the  D6m6d&  valley,  the  R6jmah&l  hills  and  numer- 
ous small  basins  west  of  the  Gangetic  delta  consist,  in  ascending 
order,  of  (1),  The  Talchir  group,  800  feet ;  (2),  the  D&m^ 
series  (including  the  Bar&kar  group  (2,000  feet),  the  Ironstone 
shales  (1400)  and  the  R&niganj  group  (5,000),  8,400  feet;  (3),  the 
Panch^t  group,  1,500  feet;  and  (4),  Coarse  sandstones  and  con- 
glomerates, 500  feet.  The  flora  of  the  R&niganj  group,  includes 
Oloeeopteris  Brormiiana^  PhyUotheca  Indica,  Vertebraria 
IndicOy  besides  other  species  of  these  genera,  and  some  also  of 
Peeapteriiy  Cyclopteris,  Sphenophyllum,  CalamiteSy  and  Schizo- 
neurcL  The  overlying  Panch^t  group  contains  species  of  Sphenop- 
teriSy  TamiopUris,  NeuropteTis(f)y  ^/tizoneura,  Preissleria;  also 
two  Labryinthodonts  (Huxley),  a  l>icynodonty  a  Thecodont,  {An- 
kistrodon  Indictts  Huxley),  an  Estheriay  etc. 

In  the  R&jmah&l  hills,  beds,  supposed  to  be  equivalents  of  the  R&- 
nieanj  group,  are  overlaid  unconformably  by  the  R&jmah&l  group, 
which  contain,  besides  species  of  the  last-mentioned  genera,. 
others  of  Waichia,  Vokzia  and  an  abundance  of  Cycada;  all  are 
specifically  distinct  from  those  in  the  older  croups.  Besides  these 
species,  the  beds  contain  woods  of  Dadoxylony  Palceoxyhny  Tax- 
oaeylany  and  of  Angioeperms  of  three  or  four  varieties,  but  no  ani- 
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mal  remainB.  In  the  Nagpore  country  and  Godavery  valley,  the 
Talchir  and  Damuda  series  are  recognized,  the  latter  with  Glo9- 
Bopteris  Browniana^  etc.,  and,  above  the  latter,  the  Panch6t  groap, 
containing  remains  of  Ceratodus  and  Hyperodapedoriy  both  Triassic 

fenera  in  Europe,  and  the  former  living  still  in  Australia.  Still 
igher,  there  are  beds  containing  Cycads.  In  Cutch,  there  are 
Cycads  in  beds— probably  equivalents  of  the  last — that  are  either 
upper  J  urassic  or  lowest  Cretaceous. 

Mr.  Blanford  speaks  of  the  above  correspondence — ^which  has 
long  been  recognized — between  the  plants  of  the  Damuda  aeries 
and  those  of  the  coal  measures  in  eastern  Australia,  5,500  miles 
from  the  Indian  localities,  and  in  the  Karoo  formation  in  Natal, — 
South  Africa.  From  the  facts,  he  makes  the  beds  in  these  distant 
regions  alike  in  age,  and  Permian.  The  Beaufort  beds,  an  upper 
member  of  the  Karoo  series,  contain  remains  of  Dicynodon^  JtR- 
crolophia  Stowii  Huxley,  Galesaunis  and  Cynochampsay  alone 
with  Gloaaopteris  Browniana^  another  Glossopteris,  and  a  Phyl- 
lotheca  near  P.  Indica  ;  and  they  are  made  by  the  author  equiva- 
lents of  the  Panch^t  group. 

(2.)  Glacial  era. — At  the  base  of  the  Talchir  group,  (as  finrt 
announced  in  vol.  i  of  the  Q.  J.  G.  Soc.)  there  is  a  conglomerate 
consisting  of  blocks  of  all  sizes,  up  X>o  forty-two  feet  in  drciimfer- 
encCj  imbedded  in  a  firm  silt.  The  bowlders,  as  first  shown  by  Dr. 
Oldham  and  Mr.  Feddan,  in  1872,  are  in  part  scratched  and  pol- 
ished, part  like  the  polish  of  a  lapidary;  and  the  underlying 
Vindhyan  limestone  is  also  scratched  in  lon^  parallel  lines.  In 
the  South  African  Karoo  region,  there  is  a  similar  bowlder  bed  l>e- 
neath  the  coal  measures,  in  which  bowlders  of  granite,  gneiss, 
etc.,  of  all  diameters  up  to  Jive  or  six  feet  are  imbedded  in  a  gray- 
ish blue  argillaceous  base,  which  is  in  i^ome  places  ripple-marked. 
These  conglomerate  beds  have  the  great  thickness  of  800,  and  in 
some  places,  1,200  feet.  Below  are  beds  containing  Jxpidoden- 
dra,  etc.,  which  have  been  referred  to  the  Carboniferous.  No  sim- 
ilar bowlder  bed  has  been  observed  in  Australia.  Mr.  Blanford 
regards  the  bowlder  beds  as  having  originated  under  glacial  con- 
ditions, and  thinks  it  probable  that  those  of  India  and  South 
Africa  point  to  one  and  the  same  Glacial  era.  Making  the  lower 
"coal-beds  Permian,  the  Glacial  era  is  of  the  early  Permian  ;  co- 
temporaneous  with  that  indicated  by  the  breccias  of  the  British 
Lower  Permian. 

Mr.  Tate,  who  has  described,  with  Prof.  T.  Rupert  Jones,  the 
Karoo  formation  of  South  Africa,  makes  its  age,  as  Mr.  Blanford 
states,  Triassic ;  and  others  have  taken  the  same  view  of  the  coal 
beds  (containing  Glossopteris,  etc.)  of  India  and  Australia.  This 
view  has  to  encounter  the  facts,  stated  by  Rev.  W.  B.  Clarke,  that 
a  coal  miner's  shaft  sunk  at  Harper's  Hill,  New  South  Wales, 
passed  through  nearly  horizontal  beds  containing  JSpirifer^  JFhffes- 
teUOy  Comdaria^  Orthoceras^  etc.,  before  reaching  the  conformable 
coal  beds  of  the  region  full  of  Glossopteris,  PhyUotkeca,  etc. ;  and 
also  others,  from  Bowen  River,  Queensland,  described  by  Mr.  Dain- 
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tree,  where  the   Glossopteris  beds  are  overlaid  by  Productus  and 
i%nri/er-bed8. 

The  paper  is  accompanied  by  a  map  eibowing  the  distribution  of 
the  plant  beds  in  Eastern  India,  between  the  Ganges  and  the 
soatnwestem  side  of  the  Godavery  River ;  and  of  others  farther 
floutli,  near  Madras  and  Trichonopoly,  and  in  the  district  of  Cutch, 
where  only  the  later  beds  have  been  observed. 

10.  Grapiolites. — An  article  by  Messrs.  John  Hopkinson  and 
C.  Lap  worth,  describing  forty-five  species  of  Graptolites  from  the 
Arenig  and  Llandeilo  rocks  of  St.  JDavid's,  illustrated  by  numer- 
ooB  figures  on  five  plates,  is  contained  in  the  Quarterly  Journal  of 
the  Geological  Society  for  November  last.  It  is  of  special  interest 
to  the  American  geologist  because  of  the  many  American  forms 
which  it  reports  from  some  of  the  British  localities.  In  the  low- 
est beds  of  the  Arenig  rocks,  in  Whitesand  Bay,  the  species  are 
all  new ;  but  on  Hamsay  Island,  of  nearlv  the  same  horizon, 
out  of  16  species,  6  were  first  described  by  llall  from  the  Quebec 

froup,  viz :  Dendrograptus  diffusua^  D,  divergeiis,  JD.  flexitoaus^ 
}idytnograpttis  extensus  and  2).  pennatulua^  and  Trigonograptus 
ensiformis.  The  beds  also  contain  other  species  of  the  first  two 
genera,  and  species  also  of  PhyUograptua^  Ptdograptus,  CaUo- 
graphM  and  Dictyograptus  {Dictyonema  Hall).  The  Middle 
Arenig  beds  of  Whitesand  Hay  contain  Hall's  species,  Dklymo- 
graptua  pattUus^  Tetragraptvs  4-brachiatus^  Dendrograptus  flexuo- 
9U8y  Callograptua  elegans^  C,  Salteri,  and  Dictyograptus  (Dictyon- 
ema)  irregularis;  and  the  Upper  Arenig  of  Ramsay  Island,  Hall's 
species,  Didymograptus  bi/idus^  D,  indentatus,  and  2>.  patulus. 
No  American  species  are  among  the  eleven  obtained  from  the 
Llandeilo  formation  :  these  eleven  are  of  the  genera  Didymograp- 
tus^ DicaUograptus^  ClimacograptuSy  DiplograptuSy  Ptilograptus^ 
Dendrograptus  and  Dictyograptus, 

11.  Region  qf  eruptive  rocks  of  the  District  of  Sehemnitz,  Hun- 
gary.— Mr.  J.  W.  Judd,  in  apaper  read  before  the  Geological  Society 
in  April  last,  describes  this  Hungarian  region  of  eruptive  rocks.  The 
rocks  are  andesites  of  the  earlier  upper  Miooene  age,  rhyolytes  of 
the  later,  and  basalts  of  the  Pliocene ;  also  highly  metamorphic 
rocks,  including  quartzytes,  crystalline  limestones,  various  schists, 
gneiss  and  aptyte,  which  are  Triassic  in  age ;  and  so-called  sveny  te, 
granite  and  greenstone.  As  held  by  Von  Pettko,  HichthoK'n,  and 
others,  the  greenstones  are  Tertiary,  they  naming  them  green- 
stone-trachyte and  propyly  te ;  and,  according  to  Judd,  the  granite 
and  syenyte  are  only  coarser  forms  of  trachyte  of  the  same  age. 
The  author  also  observes  that  there  is  complete  proof  that  the 
mineral  veins  containing  gold,  silver  and  other  metals,  in  Schem- 
nitz,  were  formed  "  within  the  most  recent  geological  periods,  in 
some  cases  indeed,  at  a  later  date  than  the  Pliocene." — Nature^ 
No.  34. 

12.  Volcanic  phenomena  of  the  Alps. — Recent  numbers  of  Wood- 
ward^s  "  Geological  Magazine"  contain  a  valuable  series  of  papers 
on  volcanoes  and  volcanic  phenomena,  of  Biitish  and  European 
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regions,  by  Mr.  Judd.  The  article  in  the  number  for  May  treats  of 
the  igneous  ejections  preceding  the  elevation  of  the  Alps,  which 
commenced  in  the  Permian  and  continued  through  the  Triassic. 
The  best  exhibitions  of  the  erupted  rocks  are  seen  near  the  Lake  of 
Lugano,  on  the  borders  of  Switzerland  and  Italy,  in  the  Southern 
Tyrol,  and  in  the  country  about  Raibl  in  Carinthia;  and  the  author 
holds  that  they  indicate  that  the  same  rocks  occur  beneath  the  Ju- 
rassic or  other  overlying  beds  throughout  the  Alpine  region.  The 
oldest  (Permian) — the  quartz-porphyry  of  Botzen,  or  a  granite-like 
variety  containing  66  to  76  p.  c.  of  silica— covers  an  area  of  more 
than  1,000  square  miles  and  constitutes  mountain  masses  over 
9,000  feet  high.  It  is  largely  covered  by  Triassio  beds  of  great 
thickness.  Eruptions  of  the  Triassic  period  occur  in  the  Southern 
Tyrol ;  the  rocks  have  the  composition  of  nielaphyre,  diabase  and 
doleryte,  but  are  often  granitic  in  texture,  and  are  called  monso- 
nyte ;  and  besides,  there  are  tufas  and  volcanic  ashes.  Monzoni 
and  Predazzo  are  noted  localities,  and  especially  because  of  the 
many  minerals  produced  in  the  adjoining  rocks  by  the  erupted 
moiizonite;  among  them,  epidote,  garnet,  spinel,  vesuvianite, 
gehlenite,  mica,  biotite,  wollastonite,  anorthite,  labradorite,  ortho- 
clase,  scapolite,  monticellite,  axinite,  zircon,  sphene,  besides  ser- 
pentine, thomsonite,  ohabazlte,  prehnite  and  others — a  series 
closely  related  to  that  from  the  ejected  masses  on  Somma. 
.  13.  Reliquim  Aqultanicfv.  Part  xvii,  Nov.  1875. — This  num- 
ber concludes  the  very  valuable  work  of  Lartet  and  Christy  on 
the  "  Archaeology  and  Palaeontology  of  Perigord,  and  the  adjoin- 
ing Provinces  of  Southern  France,'*  issued  under  the  editorial 
supervision  of  Prof.  T.  Ru})ert  Jones,  and  published  by  Williams 
&  Norgate,  London.  The  number  of  quarto  plates  in  the  whole 
work  is  eighty-three,  and,  besides  these  there  are  many  wood-cut 
illustrations.  This  last  number  adds  to  the  information  on  the 
human  remains  of  Laugerie  Basse,  and  concludes  with  notes  on 
the  Caribou  ^Reindeer)  of  Newfoundland,  and  comparisons  of 
Reindeer  remains  from  the  caverns,  giving  a  copy  of  a  sketch  of  a 
Reindeer  on  a  piece  of  Reindeer  antler  from  a  cave  in  the  Canton 
of  Schaffhausen ;  on  the  Ovibos  moschatus,  a  northern  species  at 
the  present  time,  whose  remains  have  been  met  with  not  only  in 
the  Quaternary  of  Great  Britain,  but  also  in  the  "Diluvium''  of 
the  Oise  near  Chauny,  and  at  Precy,  and  in  that  of  the  Saal  in 
the  Gorge  d'Enfer  (Dordogne).  The  last  is  at  present  the  most 
southern  locality  known ;  and  with  the  remains  occur  those  of  the 
Cave  Bear,  Cave  Lion,  Wolf,  Aurochs  and  Reindeer.  Next  follow 
important  "Supplemental  notes,"  containing  Addenda  and  Cor- 
rigenda for  the  work. 

14.  On  DcUmanitea  dentata\  by  Dr.  S.  T.  Barrbtt. — Mr.  J.  M. 
Dolph  of  this  place  has  recently  found  a  nearly  entire  specimen  of 
DcUmanites  derttata^  which  enables  me  to  add  the  following  to  my 
description  of  that  species  (p.  200  of  the  last  volume  of  this  Jour- 
nal), and  make  some  corrections.  The  thoracic  segments  are  as 
described,  except  that  all  do  not  terminate  laterally  in  slender 
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terete  spines;  the  eight  posterior  segments  do.  Of  the  three 
anterior  the  first  from  the  shield  does  not  and  the  second  does  end 
obtasely,  while  the  third  has  a  spine  about  half  the  length  of  the 
fonrth.  These  spines  are  directed  outward  and  backward  nearly 
at  right  angles  to  the  rest  of  the  segment,  curving  slightly  upward 
near  the  end 

The  entire  specimen  has  an  oblon^-subelliptic  general  outline  ; 
length  about  equal  to  twice  the  widw. 

PoBT  Jebyis,  N.  Y.,  May. 

15.  Note  hy  Dr.  Hay  den  ^  on  the  or^^bearing  rock$  <rf  Colorado. 
— In  the  annual  report  of  the  U.  S.  Geological  and  Geographical 
Survey  of  the  Territories  for  1 874,  on  page  4,  the  statement  is 
made  that  the  *'  granites,  schists,  etc.,  are  of  probable  Archaean  Age, 
in  which  alone  t^e  precious  metals  and  minerals  of  Colorado  have 
been  found.''  This  statement  was  copied  from  the  manuscript  of 
Mr.  Marvine,  and  was  intended  to  apply  onlv  to  his  district,  which 
embraced  the  Middle  Park  and  the  mountams  about  Georgetown 
and  Central  City.  In  the  report  of  1873  it  was  stated  that  ores  of 
silver  and  gold  occur  in  the  Park  Range,  west  of  South  Park,  in 
limestones  and  quarzites  of  Silurian?  Age,  and  in  volcanic  rocks, 
probably  trachytic.  In  the  Elk  Mountains,  galena  and  other 
sUver  ores  occur  in  metamorphosed  shales  and  quartzites  of  Cre- 
taceous Age. 

1 6.  Geology  of  Sumatra, — ^The  Geological  Magazine  for  Octo- 
ber and  November,  1875,  contains  papers  by  R.  D.  M.  Verbeek 
on  the  geology  of  Sumatra.  An  article  on  four  fossil  fishes,  col- 
lected by  Mr.  Verbeek  from  the  Lower  Tertiary  (or  Upper  Creta- 
ceous) beds,  has  been  published  by  Dr.  Geinitz  and  Dr.  V.  d. 
MarcK,  in  the  Mitth.  K5nigl.  Min.  Museum  in  Dresden.  The 
article  is  illustrated  by  two  plates. 

1 7.  Report  on  the  Geology  of  Wisconsin. — This  Report,  pre- 
pared while  the  survey  was  under  the  charge  of  the  late  Dr.  La- 
pham,  is  soon  to  be  published,  the  Legislature  of  the  State  having 
appropriated  $20,000  for  the  purpose. 

18.  Geology  for  Students  and  General  Headers.  Part  L 
Physical  Geology.  By  A.  H.  Gbbbn,  M.A.,  F.G.S.  622  pp. 
12mo.  London,  1876.  (Daldy,  Isbistin  &  Co.) — This  volume 
gives  a  ffood  review  of  Lithological  and  Dynamical  Greology. 

19.  JauUetin  oftheU.S.  National  Museum.  Department  of  the 
Interior.  Published  under  the  direction  of  the  Smithsonian  Insti- 
totioD.  Nos.  1  and  2.  104  and  52  pp.,  8vo. — No.  1.  Contains 
three  papers  by  E.  D.  Cope:  (1)  Check-list  of  N,  A.  Batrachia 
and  Reptilia ;  (2)  Check-list  of  the  species  of  Batrachia  and  Rep- 
tilia  of  the  Nearctic  or  N.  American  realm ;  (3)  Geographical 
distribution  of  the  Vertebrata  of  the  Nearctic  realm  with  especial 
reference  to  the  Batrachia  and  Reptilia ;  (4)  Bibliography.  Mr. 
Cope's  extensive  knowledge  of  the  species  here  considered  and 
of  their  habits  and  distribution  renders  these  chapters  of  great 
value  to  North  American  Science. 

No.  2.  Contributions  to  the  Natural  History  of  Eerguelen  Is- 
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land  made  in  connection  with  the  American  Transit-of-Venns  Ex- 
pedition, 1874-76;  by  J.  H.  Kidder,  M.  D.,U.  S.  N.  I.  Ornithol- 
ogy, edited  by  Dr.  Elliot  Couks,  U.  S,  A.  The  collection  made 
by  Dr.  Kidder  contains  1 1  Procellaridae,  4  Spheniscidae,  8  LaridsB, 
and  1  each  of  the  families  Phalacrocoracidae,  Anatidse,  and  Chion- 
idsB.  The  Introduction  states  that  the  highest  peak  of  the  island, 
Mount  Ross,  is  5,000  feet  in  altitude  and  always  snow-covered. 
Near  the  sea,  in  December,  the  snow-line  was  found  onMt.  Crozier 
at  about  2,000  feet  above  the  sea-level.  Only  27  days  out  of  four 
months  were  without  snow  or  rain,  and  a  still  smaller  number  of 
nights ;  the  mean  temperature  for  the  year  is  near  the  freezing- 
point,  varying  but  little  from  this  at  any  time ;  and  the  island 
is  notorious  for  th^  violence  of  its  gales.  Consequently  there  are 
no  trees  or  shrubs,  and  no  plant  taller  than  a  Kerguelen  cabbage ; 
and  the  few  phsenogamous  plants  that  survive  are  such  only  as  can 
thrive  exposed  to  these  hardships.  As  a  natural  consequence, 
although  the  island  is  90  miles  by  50  in  area,  there  are  no  land- 
birds  or  mammals  living  on  the  island,  and  but  a  single  shore-bird, 
Chionis  minor. 

20.  Chemisch-genetisfhe  Beohdchtunfjen  Hber  Doloinit^  (mit  be- 
sonderer  Bertlcksichtigung  der  Dolomit-Vorkomnisse  Stldost- 
Tirols),  von  Dr.  C.  Dcelter  und  Dr.  R.  Hcbbnss. — This  memoir 
contains  a  full  review  of  the  literature  of  the  subject,  with  a  dis- 
cussion of  the  various  theories  which  have  been  proposed  to  explain 
the  existence  of  the  great  strata  of  dolomite.  The  results  of  an 
extended  chemical  examination  of  the  dolomites  of  the  Tyrol  by 
Dr.  Doelter  are  given,  embracing  a  considerable  number  of  analy- 
ses. The  authors  reach  the  following  conclusions,  confirming  in 
part  the  results  of  some  earlier  authors. 

(1.)  A  large  number  of  extensive  strata  of  limestone,  weakly 
dolomitic,  have  been  deposited  immediately  through  the  instrumen- 
tality of  organic  life  in  the  ocean. 

(2.)  Some  minor  occurrences  of  normal  dolomite  are  due  to  subse- 
quent metamorphosis,  through  the  introduction  of  carbonate  of 
magnesia. 

(3.)  The  larger  part  of  the  dolomites,  whether  more  or  less  rich 
in  magnesia,  have  oeen  formed  from  the  lime  secretions  of  sea-ani- 
mals through  the  action  of  the  magnesia  salts  contained  in  the  sea- 
water  (especially  chloride  of  magnesium).  Subsequent  local 
differences  have  been  brought  about  through  circulating  waters, 
dissolving  out  and  concentrating  the  magnesia  at  different  points. 

E.  S.  D. 

21.  On  the  Pittsburg  Meteoric  Iron;  by  Dr.  F.  A,  Gknth. — A 
chemical  examination  of  the  Pittsburg  meteorite  vielded  the  fol- 
lowing results  :  Its  specific  gravity,  which  Sheparcl  gave  as  7,380 
was  found  to  be  7,741,  the  average  of  three  closely  corresponding 
determinations  by  Dr.  KoBuig,  Dr.  Headden,  and  myself  Ailer 
polishing  and  etching  with  dilute  nitric  acid,  it  presents  Wid- 
mannst&ttian  figures,  which  are  produced  by  inclosed  schreiber- 
site.     In  the  section  which  has  been  made,  it  happens  that  most 
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of  the  exceedingly  minute  schreibersite  crystals  are  cut  across  and 
are  seen  as  small  dots  on  a  frosted  surface;  some  appear  as 
minute  needles,  arranged  in  parallel  lines,  like  the  trees  in  an 
orchard.  A  few  elongated  patches  of  a  whiter  iron-nickel  alloy  are 
also  visible. 

The  analysis  of  a  somewhat  oxydized  piece,  gave  the  following 
composition : 

Iron 92-809 

Copper ...    0-084 

Cobalt 0-395 

Nickel 4-665 

Manganese 0*141 

Sulphur 0-037 

Phosphorus 0-261 

98-382 

0-251  per  cent  of  phosphorus  is  equal  to  about  1*8  per  cent 
of  schreibersite. — Prom  the  Report  of  the  Geological  Survey  of 
Pennsylvania  for  1875. 

III.  Botany  and  Zoology. 

1.  7Veef)lafUirtg^  Prizes  for  Arboriculture. — ^Prof.  C.  S.  Sab- 
OBNT,  the  Director  of  the  Botanic  Garden  and  Arnold  Arboretum 
of  Harvard  University,  published  two  or  three  months  ago,  A 
Few  Suggestions  on  Tree-planting ^  in  the  Massachusetts  Board  of 
Agriculture's  Report  for  1875,  and  an  edition  was  separately 
issued.  The  economical  importance  of  re-foresting  poor  or  agri- 
culturally worthless  lands  in  that  State,  and  elsewhere,  was 
strongly  stated  and  judiciously  enforced  by  plans  and  estimates, 
and  the  proper  trees  for  planting  on  a  large  scale  indicated. 
Another  board,  namely  the  Trustees  of  the  Massachusetts  Society 
for  Promotbig  Agriculture,  having  some  trust-fiinds  at  disposal, 
has  now  come  forward,  reprinted  Prof  Sargent's  pamphlet  for 
gratuitous  distribution,  adding  particular  directions  for  the  plant- 
ing and  management  of  seedling  trees,  and  offering  very  handsome 
prizes  for  special  plantations  within  the  State  of  Massachusetts. 
This  board  offers,  m  the  first  place,  for  the  best  plantation  of  not 
less  than  five  acres  of  larch,  or  on  the  cape,  Ac,  of  Scotch  or  Cor- 
sican  pine,  originally  of  not  less  than  2700  trees  to  the  acre,  on 
poor,  worn-out  or  otherwise  agriculturally  worthless  land,  a  prize 
of  (1000.  For  the  next  best,  a  prize  of  8600;  for  the  third  oest, 
$400.  Next,  for  the  best  plantation  of  the  same  extent  with 
American  white  ash,  not  less  than  5000  trees  to  the  acre,  a  prize 
of  $600;  for  the  next  best,  $400.  Intending  competitors  must 
notify  the  Secretary  of  the  Society,  E.  N.  Perkins,  Jamaica  Plain, 
Boston,  as  early  as  Dec.  1,  1876,  and  plant  in  the  spring  of  1877. 
Special  directions,  not  only  for  planting  and  caring  for,  but  also 
for  procuring  trees  for  the  purpose,  are  given  in  the  pamphlet,  and 
a  citizen  of  Boston  patriotically  offers  to  look  after  the  importation 
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of  the  seedling  trees,  which  in  such  quantities  and  for  next  year's 
planting  would  have  to  be  obtained  mainly  in  Europe,  at  least  the 
pines  and  larches.  The  ashes,  probably,  would  have  to  be  raised 
nrom  seed ;  and  the  time,  if  need  be,  would  doubtless  be  extended. 
The  prizes  to  be  awarded  in  the  summer  of  1877.  Mr.  Sargent's 
estimates  promise  a  handsome  return  for  the  capital  and  labor 
invested  in  judicious  tree-planting  for  economical  purposes ;  these 
timely  prizes  may  stimulate  enterprise ;  and  the  sense  of  contribu- 
ting to  the  adornment  as  well  as  to  the  material  resources  of  the 
country  should  also  be  a  motive  and  a  reward.  a.  o. 

2.  Heteromorphism  in  Epigoea. — The  May-flower,  being  more 
largely  gathered  and  brought  under  our  notice  than  any  other 
wild  blossom — at  least  in  the  Atlantic  States — should  be  well 
known  in  all  the  details  of  structure.  But  it  hardly  is  so.  The 
structure  of  its  stigma  was  first  well  described  in  the  5th  edition 
of  my  Manual  of  the  Botany  of  the  Northern  United  States,  and 
the  likeness  to  Pyrola  suggested.  I  suppose  that  this  likeness  is 
really  one  of  relationship,  but  not  of  a  near  degree,  as  most  other 
points  of  similarity  are  wanting.  From  the  difference  in  the  stig- 
mas of  different  flowers,  I  was  (tisposed  to  think  that  the  five  lobes 
lengthened  and  protruded  with  age,  in  the  manner  of  Pt/rola ; 
but  this  does  not  prove  to  be  the  case.  In  all  cases,  however,  the 
apex  of  the  style  is  as  it  were  hollowed  out  or  extended  into  a 
ring,  with  a  6-crenate  border,  to  the  inner  face  of  which  the  five 
stigmas  arc  adnate,  each  before  one  of  the  small  teeth  or  lobes, 
and  extending  sometimes  slightly  beyond  it,  but  remaining  short 
and  erect,  sometimes  much  beyond  and  rad lately  expanded. 

In  Michaux's  Flora  is  the  note  '^  Flores  omnes  in  nonnullis 
individuis  abortivi,"  and  botanists  are  generally  aware  that  fruit 
is  seldom  met  with.  The  flowers  have  been  said  to  be  unisexual 
(dioecious) ;  but  all  appear  to  have  well  formed  ovary  and  ovules, 
although  some  indiviauals  were  known  to  want  the  stamens. 
Professor  Goodale,  knowing  a  station  in  Maine  in  which  Epigma 
year  after  year  sets  fruit,  kindly  procured  from  thence  a  large 
number  of  fresh  specimens ;  and  these  I  have  now  examined  m 
regard  to  stamens  and  pistil.  They  show  the  following  hetero- 
morphous  condition  of  things. 

(1.)  About  ten  per  cent  of  the  specimens  have  a  style  consider- 
ably longer  than  the  stamens,  raising  the  stigmas  a  little  out  of 
the  throat  of  the  corolla,  in  which  the  anthers  are  included :  the 
stigmas  are  cylindraceous,  radiate  like  the  spokes  of  a  wheel,  half 
a  Ime  in  length,  therefore  strongly  projecting,  moist  and  glutinous, 
and  evidently  in  good  condition  for  fertilization.  The  anthers  in 
these  flowers  are  slender,  commonly  withering  without  dehiscence, 
and  containing  few  yet  perhaps  well-formed  pollen-grains.  The 
fruiting  specimens  gathered  at  the  same  station  in  former  years 
all  evidently  belong  to  this  form,  as  the  persistent  style  and  long 
stigmas  show.  One  or  two  specimens  of  this  form  manifest  a 
disposition  to  convert  their  anthers  into  petals ;  but  this  is  occa- 
sionally seen  in  other  forms. 
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(2.)  A  smaller  number  of  Bpecimens  show  the  stigmas  of  the 
preceding  on  a  shorter  style,  sometimes  so  short  as  to  place  the 
radiating  stigmas  as  low  as  the  middle  of  the  tube  of  the  corolla, 
sometimes  bringing  it  nearly  up  to  the  throat.  In  one  instance  a 
ahortrstyled  flower  was  detected  in  a  cluster  of  flowers  otherwise 
of  the  character  of  No.  1.  These  short-styled  blossoms,  instead  of 
having  more  conspicuous  or  higher  anthers  than  in  the  long-styled, 
bear  them  either  at  the  same  proportional  height  and  in  the  same 
condition,  or  bear  mere  rudiments  of  anthers,  or  not  rarely  none 
at  all,  and  even  the  filaments  are  smaller,  abortive,  or  occasionally 
altogether  wanting.     This  sometimes  happens  in  No.  1  also. 

(3.)  The  larger  number  of  flowers,  perhaps  three-fourths  of  the 
specimens  under  examination,  have  the  long  style  of  No.  1,  an 
ovary  equally  well-formed  and  ovuliferous,  but  either  rather 
smaller  or  not  going  on  to  grow ;  but  the  stigmas  are  short,  only 
sliffhtly  projecting  beyond  the  lobes  of  the  cup  to  which  they 
adhere,  in  all  stages  erect,  and  comparatively  smooth  and  dry. 
Their  tips,  however,  appear  somewhat  papillose  under  a  strong 
lens,  and  grains  of  pollen  placed  thereon  mcline  slightly  to  adhere, 
yet  not  so  much  as  upon  the  surface  of  the  style  far  below,  which 

fets  well  covered  with  pollen  from  the  contiguous  anthers.  The 
ifference  between  these  stigmas  and  those  of  the  foregoing  forms 
is  striking  and  constant,  no  gradations  between  them  having  been 
detected.  The  anthers  abound  with  pollen,  and  are  dehiscent  at 
or  a  little  before  the  opening  of  the  corolla. 

(4.)  A  considerable  number  of  such  flowers  have  a  shorter  style,  so 
that  the  stigma  stands  as  low  as  the  base  of  the  five  longer  anthers, 
in  one  or  two  even  lower  than  all  the  anthers,  otherwise  all  is  as  in 
No.  3,  of  which  this  seems  to  be  a  mere  variation.  And  here  also, 
although  not  very  definitely,  there  is  a  tendency  to  having  lower 
instead  of  higher  anthers  in  connection  with  the  short  style. 

The  flowers  of  Epigoea  may  therefore  be  classified  into  two 
kinds,  each  with  two  modifications ;  the  two  main  kinds  charac- 
terized by  the  nature  and  perfection  of  the  stigma,  along  with 
more  or  less  abortion  of  the  stamens;  their  modifications,  by  the 
length  of  the  style.  The  first  is  leading  to  dioicism,  the  second 
points  to  dimorphism.  I  am  not  aware  that  either  unisexual  or 
dimorphous  flowers  are  otherwise  known  in  the  Mricacece.  Dimor- 
phism (as  exemplified  in  Primroses,  Houstonia^  and  Mitckella) 
may  be  regarded  as  the  more  perfect  arrangement  on  the  score  of 
economy,  as  it  secures  cross-fertilization  along  with  fertility  of  all 
the  flowers.  It  would  seem  as  if  this  had  been  attempted  in 
JEpigasa^  but  that  the  stamens  did  not  respond  with  the  requisite 
correlation  to  the  long  and  short  styles ;  and  the  same  may  be 
said  of  certain  flowers  in  one  or  two  other  families.  Of  dichogamy, 
the  other  equally  economical  method,  I  find  no  indication  va 
JSjngc&a  blossoms.  But  they  appear  to  be  now  falling  back  upon 
the  remaining,  less  economical  mode  of  securing  the  end,  namely, 
by  unisexual  blossoms. 

It  would  be  interesting  to  know  whether  the  small-stigma 
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forms  of  EpigoBa  are  ever  fraitfiil,  or  fiill^  sa  It  might  not  be 
difficult  to  ascertain  the  kind  of  flower  in  any  case  which  haa 
matured  fruit ;  for  the  style  and  stigmas  persist  until  the  capsule 
is  well  formed  in  the  fruit  thus  far  known. 

The  aestivation  of  the  corolla  is  that  of  the  tribe,  imbricated, 
but  with  a  strong  tendency  to  convolute ;  more  commonly  there  is 
only  one  exterior  and  one  interior  lobe.  a.  g. 

8.  Essay  on  the  Immigration  of  the  Norwegian  Flora  during 
alternating  Rainy  and  Dry  Periods^  (with  a  colored  map  of  Nor- 
way) ;  by  Axel  Blytt.  Christiania.  pp.  87,  8vo.  1876. — ^This 
i^  the  substance  of  two  lectures  delivered  by  Dr.  Blytt  at  meet- 
ings of  the  Christiana  Natural  History  Society,  in  January  and  in 
October,  1875.  Dr.  Blytt's  father  was  the  most  accomplished 
botanist  of  Norway,  and  the  son  takes  naturally  and  lovingly  to 
the  same  pursuits.  Following  the  example  set  by  Dr.  Thorel  and 
other  Scandinavian  naturalists,  and  which  is  to  us  pleasant  and 
convenient.  Dr.  Blytt  publishes  this  essay  in  the  English  language, 
which  he  writes  correctly  and  with  apparent  ease. 

There  are,  so  to  say,  two  floras  in  Norway ;  one,  which  may  be 
termed  the  insular,  belongs  to  the  coast  or  western  part  of  the 
country,  to  which  the  Gnlf-stream  has  given  an  insular  character 
of  climate ;  the  other,  the  continental  or  boreal  There  are,  be- 
sides, the  generally  diffused  species,  which  are  indifferent  to  the 
variations  of  climate.  The  rare  continental  species  prefer  a  dry 
and  loose  substratum ;  the  insular,  a  solid  or  moist  soil ;  and  there 
are  remarkable  leaps  in  the  extension  of  both  the  continental  and 
insular  species.  To  explain  these  leaps  is  to  bring  in  the  question 
of  the  migration  of  plants.  '^  Do  plants  ndsrate  all  at  once  across 
large  tracts,  or  do  they  extend  themselves  little  by  little  and  by 
short  distances  at  a  time?''  Although  drifting  ice,  bringing 
seeds  and  plants  lodged  in  earth,  is  a  known  means  of  transport, 
yet  "  everything  indicates  that  conveyance  to  small  distances  is 
the  rule."  The  case  of  the  Norwegian  flora  "becomes  easUy  intel- 
ligible if  we  assume  that  our  climate  since  the  ice-period  has  under- 
gone secular  alterations ;  that  it  has  been  at  certain  times  more 
insular,  and  at  others  more  continental;  when  a  dry  period  is  suc- 
ceeded by  a  moist  period  the  continental  species  must  become 
rarer ;  when  a  moist  period  is  followed  by  a  dry  time  the  plants 
which  love  moisture  will  be  scarcer.  Thus  the  great  leaps  m  the 
distribution  of  species  seem  to  point  to  a  more  continuous 
extension  in  ancient  times."  The  study  of  peat-bogs  resting 
on  the  site  of  extinct  forests,  and  these  of  different  ages  and 
character,  furnishes  evidence  of  these  perturbations  of  climate, 
extending  through  long  and  remote  periods.  "  During  such  al- 
ternating periods,"  wholly  prehistoric,  "  the  country  seems  there- 
fore to  have  received  its  present  vegetation.  We  see  it  first 
covered  with  inland  ice,  which  projected  out  into  the  sea  and  dis- 
persed Scandinavian  migratory  blocks  over  the  plains  of  Central 
Europe.  When  the  ice,  during  a  drier  period,  retired  from  the 
shore,  a  flora  immigrated  resembling  that  which  now  adorns  the 
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wastes  of  Spitzbergen,  North  Greenland,  and  Melville  Island, — 
small,  hnrdy,  and  tuft  forming  plants,  which  often  display  an  un- 
expected splendor  of  flowers  witn  the  purest  and  deepest  colors. 
Then  came  the  gray  osiers,  juniper  and  birch,  cherry-ash  and 
rowan,  with  a  host  of  new  immigrants.  The  moisture  increased, 
peat  began  to  grow,  and  the  arctic  flora  to  re<;ede.  But  the 
climate  became  warmer ;  the  ice  melted  more  and  more ;  elm  and 
hazel,  lime,  ash  and  maple,  and  other  tender  foliferous  trees  came, 
with  a  number  of  spqcies  that  grow  in  their  company.  At  that 
time  the  climate  was  dry.  But  when  the  land  rose  further  a  new 
revolution  came  about.  A  great  rainy  period  buried  the  folifer- 
ous forests  in  peat;  then  came  fox-glove  {Digitalis),  holly  {Ilex), 
and  the  other  species  which  we  now  find,  especially  in  the  rainy 
regions  of  the  west  coast.  A  new  dry  period  followed,  and  pine 
forest  grew  on  the  bogs*  Again  came  a  rainy  period.  The  pine 
forests  were  buried  in  peat.  And  during  these  last  changes  in  our 
climate  there  came,  probably,  that  part  of  oar  flora  which  is  pe- 
culiar to  our  lowest  southernmost  regions." 

^*  Our  flora  has  acquired  a  uniform  stamp,  because  some  few 
species,  which  were  insensible  to  the  changes  of  climate,  have 
little  by  little  conquered  a  place  which  there  is  now  no  cause  for 
giving  up.  But,  here  and  there,  on  the  friable  slates  in  the  moun- 
tain districts,  on  the  moist  mountain  slopes  and  in  the  ibrest  val- 
leys, as  also  on  wild  rubble-slopes,  under  steep  walls  of  rock,  on 
the  heather-tracts  of  the  west  coast,  on  the  slate  rocks  in  the 
Christiania  fiord,  on  the  cliffs  of  the  coast  in  the  province  of 
Christianssand,  on  the  gravel  and  sand  of  the  edge  of  the  shores, 
we  find  remains  from  these  days  gone  by,  remains  which  relate 
how  our  country  received,  little  by  little,  the  vegetation  that  now 
clothes  our  mountains  and  valleys." 

With  few  and  doubtful  exceptions  all  the  plants  of  Norway  are 
also  found  beyond  the  borders  of  the  country ;  there  are  peculiar 
forms,  but  none  distinct  enough  from  its  congeners  to  be  unequivo- 
cally recognized  as  a  distinct  species.  ^)uch  forms,  as  Prof. 
Blytt  remarks,  are  what  would  be  expected  under  the  vicissitudes 
which  he  refers  to.  A  species  with  an  unbroken  and  continuous 
bold  and  full  occupation  of  a  region  has  little  chance  for  fixing 
variations.  But  forms  reduced  to  isolation  by  stress  of  circum- 
stances, having  no  opportunity  to  cross  with  their  brethren,  will 
preserve  and  have  the  best  opportunity  to  develope  their  individ- 
ual peculiarities,  fix  them  into  a  race  or  subspecies,  and  when  a 
turn  of  the  climate  favors  them  may  multiply  and  occupy  the  dis- 
trict with  a  race  markedly  different  from  the  common  type  of  the 
species  elsewhere.  a.  q. 

4.  Genera  Plantarum,  .  .  .  aitctoribue  G.  Bentham  et  J. 
D.  HooKSB.  Vol.  secundum,  sistens  Dicotyledonum  Gamopetala- 
rum  Ordines  XLV,  Caprifoliaceas— Plantagineas.  Londoni,  1878 
-1876. — This  is  the  title  page,  somewhat  shortened,  of  the  second 
volume  of  this  noble  work,  of  which  the  first  part,  533  pages,  was 
isisued  in  the  spring  of  1873,  and  the  second — bringing  the  volume 
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up  to  1270  pages,  and  the  subject  to  the  end  of  the  Oainopetala^ 
followed  by  some  corrections  and  a  good  index — is  now  happily 
before  as.  Our  scattered  botanists  will  be  ^lad  to  know  this ; 
also  that  the  third  and  final  volume,  according  to  present  pros- 
pects, will  not  be  long  delayed.  Considering  the  extent  and 
formidable  character  of  this  undertaking,  and  the  large  amount  of 
other  work  which  both  authors  have  upon  their  hands,  the  rate  of 
progress  thus  far  is  remarkable.  The  work  has  the  names  of  two 
well-known  London  publishers  upon  the  title  page.  Reeve  &  Co., 
and  Williams  and  Norgate,  and  can  be  had  through  the  ordinary 
channels  of  the  trade.  If  any  of  our  botanists  who  desire  to 
order  it  have  anv  difficulty  in  the  way  of  procuring  it  through 
the  booksellers,  tliey  are  at  liberty  to  commmiicate  with  the 
writer  of  this  announcement.  a.  g. 

6.  Botany  of  California.  Vol.  I.  PolypetaloBy  by  W.  H. 
Brewer  and  Sbreno  Watson.  Oamopetalcs^  by  Asa  Gray.  1876. 
— This  long-expected  volume  has  at  length  made  its  appearance.  It 
fills  628  pages,  besides  the  25  pages  of  prefatory  matter,  and  is  uni- 
form with  the  publications  of  the  Geological  Survey  of  the  State 
of  California,  of  which  it  was  intended  to  form  a  part,  and  may 
still  do  so,  if  the  State  soon  takes  it  up.  There  is  no  necessity  of 
appending  to  this  announcement  a  history  of  this  work.  Suffice  it 
to  say  that  the  present  volume — ^the  larger  part  of  the  projected 
work — is  now  brought  out  and  placed  within  the  reach  of  botan- 
ists and  those  interested  in  the  results  of  botanical  investigations, 
by  the  indomitable  perseverance  and  energy  of  the  State  Geolo- 
gist, Prof.  Whitney,  and  by  the  considerate  liberality  of  the  fol- 
lowing gentlemen,  citizens  of  California,  who  furnished  the  means 
for  carrying  it  on  after  the  State  abandoned  it,  viz :  Leland  Stan- 
ford^ D,  O.  Mills,  Idoyd  Tevls,  J.  C,  Flood,  C harks  McLaughlin, 
R.  B,  Woodward,  William  Norris,  John  O.  JSarl,  Henry  Pierce, 
Oliver  Mdredge,  S,  Clinton  Hastings.  The  scientific  gentlemen 
engaged  liave  done  their  part,  and  those  who  have  done  the 
State's  duty  in  the  premises  are  understood  to  be  ready  to  supply 
the  necessary  means  for  carrving  the  second  and  concladms 
volume  through  the  press.  When  this  is  done  it  may  be  said 
that  no  other  btate  in  the  Union  has  such  a  well-ordered  and  com- 
plete Flora. 

The  Introduction,  by  Prof.  Whitney,  giving  some  account  of 
the  undertaking,  fills  three  pages.  A  note  supplies  some  special 
explanation  of  the  plan  of  the  work ;  the  remainder  of  the  Preface 
is  occupied  by  two  keys  to  the  Natural  Orders  herein  comprised ; 
first,  an  analytical  artificial  key ;  second,  a  synoptical  key,  giving 
the  orders  in  their  sequence,  or  nearly  so,  and  with  reference  to 
exceptional  cases  and  anomalies.  The  two  may  supplement  each 
other,  and  greatly  assist  the  ordinary  student  or  amateur  botanist, 
who  cannot  be  expected  to  have  the  characters  of  the  orders  well 
in  hand,  nor  to  recognize  aberrant  members  at  the  first  glance. 
Such  keys  are  very  useful,  almost  indispensable ;  but  it  is  impos- 
sible to  make  them  perfect  so  as  to  provide  for  every  case.     Tney 
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should  be  used  as  helps,  not  as  an  absolute  reliance  or  as  a  me- 
chanical substitute  for  brains. 

The  Polupetalce  occupy  276  pages ;  the  Qamopetalm^  346. 
Without  reference  to  the  scientific  merits  of  this  work — of  which 
others  will  judge — we  are  free  to  pronounce  its  plan  and  its  typo- 
graphy as  unsurpassedly  excellent.  a.  g. 

6.  Quarterly  Bulletin  of  the  Nuttall  Ornithological  Clubj 
Cambridge,  Mass.,  vol.  I,  No.  1,  April,  1876.  28  pp.  8vo,  with 
one  beaati^lly  colored  plate. — The  annual  subscription  for  this 
valuable  publication  is  onlv  one  dollar,  or  30  cents  per  number. 
It  is  to  be  issued  quarterly  m  numbers  of  16  pages. 

IV.    ASTBONOMY. 

1.  AstroiiomiccU  Tables,  comprising  logarithms  from  S  to  100 
places;  by  Henry  M.  Parkhurst.  New  York,  1876. — We  have 
received  a  copy  of  these  tables,  now  issued  by  the  author  though 
his  plan  for  the  whole  work  is  still  but  partially  worked  out.  The 
first  part  of  the  book  of  224  pages  contains  about  70  tables. 
Elaborate  tables  are  given  to  aid  in  computing  logarithms  to  a 
large  number  of  decimals,  to  H,  10,  15,  20,  30,  60,  and  even  100 
places,  by  a  method  which  the  author  claims  as  new.  Ordinary 
four-figure  tables  of  logarithms,  addition  and  subtraction  log- 
arithms, log.  sines,  tansents,  &c.  Numerical  tables,  as  primes, 
least  divisors,  reciprocals,  multiples,  squares,  <fcc.,  follow,  which 
with  the  logarithms  make  about  three-fourths  of  the  tables.  ^Fhe 
remainder  consists  of  about  40  astronomical  tables  of  various 
kinds.  In  Parts  2d  and  Sd  are  explanations  of  the  use  and  the 
theory  of  the  tables.  They  are  full  of  interesting  and  valuable 
suggestions  and  information  from  the  author's  experience  as  an 
amateur  observer.  They  also  contain  lar^e  numbers  of  formulas 
for  astronomical  computation.  To  many  the  use  of  phonetic  print 
will  be  repulsive,  but  we  wish  success  to  any  effort  to  simplify 
the  spelling  of  English  words.  The  author's  occupation  as  a 
stenographer  has  led  him  to  condense  the  tables  and  use  abbre- 
viations at  the  expense,  in  some  cases,  of  clearness.  He  has  cer- 
tainly succeeded  in  putting  into  a  moderate  size  a  large  variety  of 
useful  matter. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Probability  of  error  in  writing  a  series  of  numbers.  Let- 
ter to  the  editors,  dated  St.  Louis,  May  10,  1876. — Not  long  since 
while  writing  logarithms  that  were  being  read  to  me,  I  observed 
that  the  probability  of  error  in  writing  the  numbers  appeared  to 
be  much  less  at  the  extremities  of  the  number,  than  in  the  middle. 
This  has  been  investigated  quite  at  length  with  numbers  of  from 
five  to  ten  digits.  It  is  found  that  the  probability  of  error  is  in 
all  cases  expressed  by  the  terms  of  the  expanded  binomial 

(a+bf 

where  n  is  a  function  of  the  number  of  digits.    Thus  far  a  a^d  ( 
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have  always  been  unequal,  with  all  the  persons  yet  experimented 
upon.  The  probability  of  error  is  greatest  just  after  the  middle 
of  the  number. 

This  has  led  to  an  interesting  investigation  on  the  power  of 
memory.  Allowing  definite  intervals  (t)  of  time  to  elapse  be- 
tween the  giving  and  the  writing  of  the  number,  and  it  is  evident 
that  the  number  of  eriors  will  increase  with  the  value  of  t. 

In  order  to  aid  the  experimenter  in  abstaining  from  mentally 
repeating  the  number  whicn  he  is  to  write,  he  is  allowed  to  deter- 
mme  the  value  of  (t)  by  counting  the  beats  of  a  seconds  pendu- 
lum. The  investigation  is  yet  in  progress,  but  enough  has  been 
done  to  develop  the  fact  that  the  relation  between  the  number  of 
figures  (per  100)  written  correctly,  and  the  values  <,  is  a  logarith- 
mic one.  It  is  the  same  as  the  function  expressing  the  decrease  in 
the  amplitude  of  the  beats  of  a  pendulum,  in  time,  as  due  to  a 
resisting  medium.  f.  e.  nipubb. 

2.  Mecord  of  Science  and  Industry  for  1876  ;  edited  by  Spen- 
CKB  F.  Baibd.  646  pp.  8vo.  New  York,  1876.  (Harper  d; 
Brothers.) — Professor  Baird's  scientific  annual  for  1876  has  recently 
been  issued.  It  is  a  work  not  only  for  men  of  science,  but  also 
for  all  who  would  inform  themselves  as  to  the  new  facts  and  dis- 
coveries in  science  and  the  practical  arts,  and  learn  something  of 
the  world's  progress  in  knowledge. 

3.  IVansactions  of  the  Coimecticut  Academy^  voL  III,  part  I 
— This  volume  contains :  I.  A  report  on  the  dred^ng  in  the  region 
of  St.  George's  Banks  in  1872,  by  S.  I.  Smith  and  O.  Harger,  with 
8  plates;  IL  Descriptions  of  new  Hydroids  by  S.  F.  Clark,  with  2 
plates ;  IIL  On  the  Chondrodite  of  Brewster,  N.  Y.,  by  E.  S. 
Dana,  with  3  plates — the  paper  which  was  condensed  for  volume 
ix  of  this  Journal ;  IV.  On  the  Transcendental  Curves  sin  y  sin 
my  :=  a  sin  a;  sin  no:  -f-  ^,  by  H.  A.  Newton  and  A.  W.  Phillips, 
with  44  plates,  containing  photo-lithographic  transfers  of  148 
different  examples  of  the  curves ;  V.  On  the  equilibrium  of  Hetero- 
geneous Substances,  First  Part,  by  J.  Willard  Gibbs,  a  profound 
paper,  occupying  150  pages,  putting  new  methods  of  analysis  in 
the  hands  ot  mathematicians  and  physicists. 

Notes  of  the  following  works  are  unavoidably  deferred : 

Bulletin  of  the  U.  S.  Geological  Survey  of  tiie  Territories.    VoL  II,  No.  3. 

Qeographical  Distribution  of  Plants.  Part  II.  Plants  in  their  wild  state ;  bj 
Charles  Pickering,  M.D.,  author  of  The  Races  of  Men.    624  pp.  4to.     1 876. 

Report  on  the  Oeology  of  the  Eastern  portion  of  the  Uinta  Mountain,  and  a 
region  of  Country  adjacent  thereto ;  by  J.  W.  PowelL  218  pp.  4to,  with  an  atlas. 
Washington.     Department  of  the  Interior.     1876. 

Geological  and  Natural  History  Survey  of  Minnesota.  Fourth  Annual  Report, 
for  1875 ;  by  N.  H.  Winchell,  State  Geologist.    80  pp.  8vo.    St.  Paul,  1876. 

Report  on  the  Invertebrate  Cretaceous  and  Tertiary  Fossils  of  the  Upper  lOs- 
Bouri  Region.  630  pp.  4to,  with  45  plates.  1876.  Vol.  iz  of  the  Quarto  Series  of 
the  U.  S.  GeoL  Survey  of  the  Territories  in  charge  of  Dr.  F.  Y.  Hayden.  Depart- 
ment of  the  Interior. 

OBITUARY. 

Angelix,  the  eminent  Swedish  Paleontologist,  died  at  Stock- 
holm on  the  13th  of  February,  aged  seventy  years. 

E.  Billings,  the  able  Paleontologist  of  the  Canadian  Geological 
Survey,  has  recently  died. 


APPENDIX. 


Abt.  IX. — On  a  new  Orinoid  from  the  Oretaceous  formation  of 
the  West ;  by  Geobge  Bird  Grinnell.    With  Plate  IV. 

Among  the  many  interesting  fossils  recently  received  from 
the  West  by  the  i  ale  College  Museum,  is  a  new  Orinoid  from 
the  Cretaceous  of  the  Uinta  Mountains  and  of  Kansas.  No 
crinoids  fix)m  the  American  Cretaceous  have  hitherto  been 
described,  and  for  the  discovery  of  this  species  we  are  indebted 
to  Prof.  O.  C.  Marsh,  who  has  done  so  much  to  bring  to  light 
the  geological  treasures  of  the  West 

The  Orinoid  in  question  belongs  to  the  group  AstyUdcf^  or 
free  Crinoids,  and,  as  suggested  by  Prof.  Marsh  in  his  earliest 
paper  on  the  Geology  of  the  Uinta  Mountains,*  is  allied 
to  the  genus  Marsupites  of  Miller.  From  that  genus,  however, 
it  differs  widely  in  the  number  and  arrangement  of  its  plates,  in 
having  apparently  ten  arms,  and  in  other  characters ;  and  it  is 
possible  that  an  examination  of  additional  material  may  show 
it  to  be  the  type  of  an  entirely  new  group.  This  point,  how- 
ever, cannot  at  present  be  determined. 

Uintacrinua  socialis,  gen.  et  sp.  nov. 

The  body  as  seen  is  somewhat  discoidal  in  form,  owing  to 
pressure,  but  in  life  was  evidently  subglobose.  The  basal  and 
subradial  plates  are  imperfectly  known.  In  the  most  perfect 
specimen,  (figure  1,)  three  radial  plates  are  found,  irregularly 
pentagonal,  hexagonal,  or  heptagonal  in  form,  and  varying  con- 
siderably in  size.  Of  these,  the  thii-d  or  superior  seems  to  be 
always  the  largest  and  most  regular  in  outline.  It  is  hepta- 
gonal, and  two  of  its  longest  sides  slope  downward  from  the 
superior  angle.  The  second  radial  is  about  equal  in  size  to 
the  first  All  are  wider  than  high.  The  third  radial  bears  on 
each  of  its  superior  sloping  sides  in  immediate  succession  five 
secondary  radials,  irregularly  pentagonal  or  hexagonal  in  shape, 
and  all  wider  than  high.  The  fifth  of  these  approaches  in  shape 
the  proximal  armpiece,  to  which  it  ^ves  immediate  supnort 

Tne  arm  pieces  are  thin,  and  horizontally  comipressea  from 
without  inward,  their  shape  being  sub-elliptical.  The  arms  give 
support  to  delicate  pinnulse,  or  tentacles,  for  a  portion  of  their 

^  This  Journal,  vol.  i,  p.  191,  March,  18*71. 
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length,  though  at  what  point  these  first  appear  is  as  yet  uncer- 
tain. The  more  distant  arm  pieces  show,  when  the  articular 
surfaces  can  be  examined,  a  distinct  radiate  structure,  and  there 
are  traces,  in  some  of  the  pieces  which  are  exposed,  of  a  canal, 
which  in  life  may  have  given  passage  to  the  '^  axial  cord"  (nerve) 
of  Dr.  Carpenter.  There  is  also  to  be  seen  on  the  inner  side  of 
several  of  the  more  distant  arm  pieces  a  deep  depression,  the 
radial  furrow,  which  gives  to  the  plates  a  subcrescentoid  shape. 
These  characters  cannot  be  well  made  out,  as  all  the  pieces 
which  show  them  are  badly  weathered.  The  arm  pieces  aimin- 
ish  verv  gradually  in  size,  and  the  arms  are  long.  On  one  of 
the  slaos  they  have  been  traced  continuously  for  a  distance  of 
eight  inches  with  but  little  change  in  size,  and  it  seems  probable 
that  in  life  the  spread  of  the  outstretched  arms  may  have  been 
two  feet  or  more. 

The  interradial  arms  are  irregular  in  shape,  somewhat  con- 
tracted near  the  middle,  becoming  wider  above  and  below. 
They  consist  of  about  sixteen  large  irr^ular  plates  varying 
widely  in  size,  and  of  from  sixteen  to  twenty  smaller  ones, 

? laced  high  up  between  the  arms,  and  in  part  concealed  by  them, 
^he  former  range  from  pentagonal  to  octagonal  in  shape,  and 
although  the  specimens  are  not  sufficiently  perfect  to  enable  the 
arrangement  to  be  determined  with  certainty,  it  seems  to  be  as 
follows :  commencing  below,  opposite  the  first  radial  is  a  single 
plate ;  next  above,  in  line  with  the  second  radial  are  two ;  and 
then  three  opposite  the  third.  Succeeding  these,  and  lying  be- 
tween the  first  of  the  secondary  radials,  is  a  single  wide  octagonal 
plate,  and  above  this  eight  others,  somewhat  irregular,  extend- 
mg  up  in  pairs  to  between  the  fifth  secondary  radials  (figure  1). 
Immediately  above  these  eight  follow  the  smaller  plates,  four 
or  six  in  a  horizontal  series,  diminishing  rapidly  in  size,  and 
soon  disappearing  beneath  the  arms.  A  very  small  quadran- 
gular plate  is  inserted  between  the  first  and  second  radials  and 
the  interradial  plates  which  are  opposite  these.  It  is  not  cer- 
tain, however,  that  this  arrangement  is  altogether  constant.  In 
fact  the  other  side  of  the  specimen  from  which  this  is  taken, 
though  too  imperfect  for  use,  suggests  a  larger  interradial  arm, 
and  hence,  a  probable  diflference  in  the  number  of  the  plates. 

The  interaxillary  areas  consist  of  about  ten  large  plates 
and  from  sixteen  to  twenty  smaller  ones,  the  latter  arranged 
much  as  in  the  interradial  arm.  Of  the  lai-ger  ones,  several  of 
the  lowermost  are  much  weathered,  and  their  shape  and  arrange- 
ment cannot  be  positively  ascertained  from  the  specimens  at 
hand.  The  inferior  plate  is  the  largest  It  is  higher  than  wide, 
octagonal,  and  somewhat  shield-shaped,  apparently  supporting, 
on  its  superior  sloping  sides  two  high  and  rather  narrow  pieces, 
which  in  turn,  give  support  to  two  small  subtriangular  platea 
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Above  these  are  four  others  in  pairs,  and  these  are  followed  by 
the  smaller  ones  in  fours,  becoming  rapidly  less  in  size,  as  in  the 
interradial  arm. 

The  specimens  are  found  in  a  soft  light-colored  limestone, 
and  a  considerable  mass  of  the  rock  is  often  made  up  of  their 
remains,  as  shown  in  the  accompanying  plate,  figure  2,  indica- 
ting that  the  individuals  of  this  species  lived  together  in  large 
numbers.  To  this  fact  the  specific  name  refers.  It  is  needless 
to  remark  at  length  on  the  great  interest  which  attaches  to  this 
species,  the  first  crinoid  known  from  the  Cretaceous  of  the  new 
world.  The  fact  that  it  lacks  a  stem,  thus  resembling  the  genus 
Afarsupites  from  the  English  chalk,  suggests  the  advance  made 
by  some  of  the  Crinoids  that  survived  until  the  Cretaceous, 
over  the  older  forms  that  lived  in  Paleozoic  time. 

The  first  specimen  of  the  species  here  described  was  dis- 
covered by  Prol  Marsh  in  the  Cretaceous  of  the  Uinta  moun- 
tains during  the  autumn  of  1870.  It  was  found  associated 
with  the  scales  of  a  BeryXy  and  Ostrea  congesta  Con.,  typical 
Cretaceous  forms.  The  species  is  apparently  rare  in  this 
locality,  as  a  diligent  search  by  the  writer  and  other  mem- 
bers of  the  expedition  failed  to  bring  to  light  any  more  speci- 
men&  Others  have  since  been  received  from  the  Cretaceous  of 
Kansas,  where  they  were  associated  with  the  Odontomithes, 
Pterodactyls  and  Mosasauroid  reptiles  of  that  formation. 

The  writer  is  under  manv  obligations  to  Prof.  Marsh  for  the 
opportunity  of  examining  these  specimens,  and  for  most  valua- 
ble suggestions  in  r^ard  to  the  literature  of  the  subject 

Yalb  Oollsob,  New  Haven,  June,  18*76. 


Explanation  of  Plate. 

^gure  1.   Uintacriniu  sociaiia.      Side  view  of  a  specimen  ahowing  radiala  ana 
interradial  arm.    Natural  size. 

Figure  2.   Uintacriniu  socialia.    Side  view  of  a  weathered  specimen  abowliig  ra- 
dials,  interaxillary  urea,  arms  and  pinnulse. 

a  and  b.  Two  of  the  more  distant  arm  pieces  magnified,  ahowing  the  radial 
furrow,  and  indistinctly,  the  grooves  radiating  from  the  center. 


AM.  JOUR.  SCI.,  Vol.  XII,  1876. 


UINTACRIFIUS   SOCIALIS.     Qtinntll. 


'^b 


THE 


AMERICAN 


JOURNAL  OF  SCIENCE  AND  ARTS. 


[THIRD    SERIES.] 


Art.  X. — The  Colorado  Plateau  Province  as  a  Field  for  Geologi- 
cal ^^udy ;  by  G.  K.  Gilbebt. 

[Continoed  from  page  24.] 

[It  has  happened  that  the  division  of  this  paper  into  parts  has 
interrupted  the  sense,  and  I  shall  therefore  have  to  ask  toe  reader 
who  would  understand  this  page  to  refer  again  to  the  figures  on 
page  23  of  this  volume. 

Between  the  Hurricane  and  Toroweap  faults  is  contained  the 
U'-in-ka-ret  block.  It  is  tilted  slightly  toward  the  east  and  is 
fifteen  miles  broad.  Upon  it  stands  a  group  of  volcanic  mount- 
ains, the  lavas  of  which  have  risen  through  fissures  in  the 
block.  Between  the  Toroweap  and  West  Kaibab  displacements 
is  the  E^n-ab'  block,  thirty  miles  broad.  It  appears  level  in 
the  east-west  section,  but  has,  in  common  with  all  the  other 
blocks  of  the  sketch,  a  gentle  dip  to  the  north.  Its  cap  of  Car- 
boniferous limestone  is  divided  in  the  foreground  by  the  cafLon 
of  Elanab  creek,  and  fifty  miles  away  it  passes  beneath  Triassic 
sandstones.  The  Kaibab  block  stands  highest  of  all.  The 
strata,  which  for  fifteen  miles  run  level  on  its  summit,  are  flexed 
downward  at  both  margins,  on  one  side  to  the  Kanab  block, 
and  on  the  other  to  the  Marble  Ca&on  block.  Its  upper  sur* 
face  is  the  Kaibab  Plateau.  The  Marble  Cafion  block  is 
thirty  miles  broad.  On  the  line  of  the  section  its  highest 
bed  is  of  Carboniferous  age,  but  a  few  miles  farther  north  it 
retains  a  heavy  bed  of  Trias,  which  rises  2000  feet  higher  and 
constitutes  tlie  Paria  Plateau. 

The  features  of  the  region  pictured  to  which  I  wish  espe- 
cially to  call  attention,  are : 
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First,  that  there  are  no  anticlinals  and  no  synclinals,  but 
only  monoclinals  and  faults; 

Second,  that  the  throws  of  the  displacements  are  not  all  on 
the  same  side ; 

Third,  that  the  visible  portion  of  the  earth's  crust  is  divided 
into  great  blocks,  which  have  changed  their  relative  and  absolute 
altitudes  by  thousands  of  feet,  without  losing  their  individuality. 

The  structure  of  this  region  is  an  unusually  pure  example  of 
a  type  that,  with  various  modifications,  prevails  throughout 
the  rlateau  region,  and  Major  Powell  has  taken  a  name  from 
the  locality  and  called  it  the  Kaibab  structure.  We  cannot 
study  the  embryology  of  mountains  by  observing  the  progress 
of  an  individual,  but  it  is  possible,  by  the  comparison  of  many 
individuals  in  various  stages  of  development,  to  learn  some- 
thing of  the  manner  of  mountain  growth,  and,  studying  the 
subject  in  this  way,  the  conclusion  has  been  reached  that  many 
mountain  ranges  are  built  upon  the  plan  of  the  Kaibab  Plateau. 
The  essential  feature  of  the  plan  is  the  upward  movement  en 
masse  of  a  great  body  of  rock  between  two  planes  of  displace- 
ment A  plateau  is  thus  produced,  from  which  mountain  forms 
are  carved  by  the  ordinary  procet^ses  of  erosion.  Evidences  of 
such  a  plan  have  been  found  in  nearly  all  the  mountains  of  the 
upper  basin  of  the  Sevier  River,  in  some  of  the  ranges  of  the 
Great  Basin,  by  Major  Powell  in  the  Uintah  range,  and  by  Mr. 
Marvine  in  the  Front  and  Medicine  Bow  ranges  of  Colorado. 
Few  of  these  cases  are  so  simple  as  that  of  the  Kaibab  Pla- 
teau. In  some  the  block  has  been  lifted  more  on  one  side  than 
on  the  other,  so  as  to  acquire  a  dip;  in  other  cases  there  are  a 
number  of  blocks  of  difierent  elevation  in  the  same  range ;  in 
yet  other,  the  blocks  are  somewhat  curved. 

I  shall  not  attempt  to  enumerate  the  variations  of  the  type, 
which  arise  in  these  several  ways.  The  purpose  of  the  illustra- 
tion is  accomplished,  if  I  have  shown  that  the  exceptional 
exhibition,  in  the  Plateaus,  of  displacements  which  are  simple 
and  easy  of  comprehension,  has  already  led  to  the  ri?cognition 
of  a  new  class  of  mountain  structures,  or  at  least  of  a  class  so 
little  known  heretofore  that  it  has  not  found  place  in  the  man- 
uals of  geology. 

When  the  displacements  of  the  region  have  all  been  worked 
out,  it  will  be  possible  to  construct  a  model  which  shall  exhibit 
the  structure  of  at  least  one  hundred  and  fifty  thousand  square 
miles  of  the  earth's  crust,  showing  the  form  and  position  of 
each  of  the  blocks  which  compose  it ;  and  I  conceive  that  such 
a  model,  or  an  equivalent  presentation  of  the  same  material  by 
some  other  method,  will  not  be  inferior  in  value  to  any 
single  contribution  that  has  been  made  to  our  knowledge  of 
the  results  of  orographic  movements. 
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Mountain  building  by  eruption. — The  studies,  which  the  Pla- 
teaus aflbrd  in  the  phenomena  of  eruption,  are  scarcely  less 
interesting  and  important  than  those  of  uplift  and  downthrow ; 
but  they  have  received  less  attention  up  to  the  present  time. 
It  happens  that  a  number  of  extinct  eruptive  mountains  stand 
near  the  caflons  of  the  Colorado  River.  The  country  about 
them  has  suffered  and  is  suffering  rapid  denudation,  and  not 
only  are  their  bases  nearly  free  from  detritus,  but  their  flanks 
are  so  deeply  scored,  and  their  summits  are  so  degraded,  that 
their  internal  structure  is  exhibited.  Those  that  are  best 
known  have  been  found  to  be  composed  chiefly  of  sedimentary 
strata,  protected  from  denudation  by  the  superior  durability  of 
the  eruptive  rocks  with  which  they  are  associated. 

In  the  U'-in-ka-ret  mountains  Major  Powell  found  a  mass  of 
undisturbed  strata,  which  had  been  preserved  from  erosion  by 
a  mantle  of  lava,  while  the  surrounding  country  was  degraded 
more  than  a  thousand  feet  The  eruptions  were  extended 
through  a  long  period  of  time,  and  the  successive  outflows 
mantled  the'  flanks  of  the  surviving  strata  almost  as  thor- 
oughly as  they  did  the  summit,  so  as  to  give  the  appearance, 
at  first  glance,  of  a  range  made  up  entirely  of  volcanic  matter. 

In  the  Henry  Mountains  the  strata  are  not  undisturbed,  but 
have  been  lifted  into  a  number  of  bubble-shaped  domes,  one 
for  each  individual  mountain  of  the  group.  Each  dome  has 
been  fractured  at  top,  and  divided  by  fissures  radiating  from 
the  center  toward  the  sides,  and  all  the  fissures  have  been  filled 
by  molten  rock.  Moreover  the  strata  have  in  many  places 
cleaved  apart,  and  lava  sheets  have  been  interleaved  with  them. 

Doubtless  the  intrusion  of  these  dikes  and  sheets  was  accom- 
panied by  extrusion,  but  none  of  the  extruded  masses  appear 
to  have  survived  the  subsequent  erosion.  The  mountains  as 
they  stand  are  simply  domes  of  curved  strata,  each  traversed 
by  a  plexus  of  crystalline  dikea 

Similar  in  structure  to  the  Henry  Mountains  are  Navajo 
Mountain,  Sierra  la  Sal,  and  Sierra  Abajo.  Mount  San  Fran- 
cisco, and  perhaps  Mount  Taylor,  are  related  to  the  Uinkareta 
This  enumeration  includes  but  a  small  portion  of  the  volcanic 
mountains  of  the  district,  and  to  the  two  types  of  structure 
mentioned,  several  othei-s  might  be  added.  But  the  mountains 
of  the  Uinkaret  and  Henry  types  are  most  favorably  situated 
for  study,  and  at  the  same  time  diverge  most  widely  m  charac- 
ter from  those  with  which  geologists  are  already  familiar. 

Stratigraphy. — In  the  stratigraphy  of  the  Plateaus  attention 
has  thus  far  been  confined  to  questions  that  are  chiefly  of 
local  importance,  but  a  thorough  study  of  the  phenomena 
which    are   accessible  can   hardly  fail  to  throw   light  on  the 
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Erinciples  of  sedimentation.  In  the  region  of  cafions  a  single 
ed  can  be  followed,  upon  one  continuous  outcrop,  for  hun- 
dreds of  miles,  and  every  modification  that  it  unaergoes  can 
be  traced  step  by  step.  Moreover,  by  reason  of  the  ramifica- 
tions of  cafions,  it  is  frequently  possible  to  trace  a  bed  toward 
all  points  of  the  compass,  so  as  to  learn  its  changes,  not  merely 
along  a  simple  line,  but  throughout  an  extended  area.  With 
such  exposures,  unconformity  cannot  escape  detection,  and  the 
history  of  a  system  of  sediments  can  be  made  out  with  a  com- 
pleteness that  surely  cannot  be  excelled  elsewhere. 

Part  11.  Erosion. 

It  remains  to  indicate  the  scope  of  the  material  bearing  upon 
the  subject  of  erosion,  and  with  that  intent  I  will  discuss  cer- 
tain problems  which  the  region  has  propounded.  The  first 
may  oe  called 

The  Problem  of  the  Cafions, 

The  deep  gorges  which  so  facilitate  the  examination  of  the 
strata  and  of  their  displacements,  are  themselves  of  interest  as 
monuments  of  erosion.  To  account  for  their  existence  and  un- 
ravel their  history  is  to  review  the  laws  of  erosion  with  great 
wealth  of  illustration.  Results  so  extreme  can  have  been  pro- 
duced only  under  conditions  equally  extreme;  and  natural 
laws  are  often  best  tested  and  exemplified  by  the  consideration 
of  their  operation  under  exceptional  circumstances.  Already 
the  problem  of  the  cafions  has  been  attacked,  and  I  cannot  better 
demonstrate  its  radical  value  than  by  presenting  the  present 
aspect  of  the  case.  For  this  purpose  it  is  necessary  to  give  a 
summary  statement  of  the  processes  of  erosion  ana  of  the  con- 
ditions which  determine  its  rate.  The  matter  is  so  complex 
that  this  cannot  be  done  briefly  without  the  omission  of  the 
less  important  factors,  and  in  undertaking  it  I  shall  take  the 
liberty  of  either  disregarding  or  slighting  all  considerations 
which  have  not  an  important  bearing  on  the  problem  in  ques- 
tion. 

In  order  to*  analyse  sub-aerial  erosion,  we  must  consider 
it  (A)  as  consisting  of  parts,  and  (B)  as  modified  by  condi- 
tions. 

A.  All  indurated  rocks  and  most  earths  are  bound  together 
by  a  force  of  cohesion,  which  must  be  overcome  before  they  can 
be  divided  and  removed.  The  natural  processes  by  which  the 
division  and  removal  are  accomplished  make  up  erosion.  They 
are  called  disintegration  and  transportation. 

Transportation  is  chiefly  peformed  by  running  water. 
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Disintegration  is  naturally  divided  into  two  parts.  So  much 
of  it  as  is  accomplished  by  running  water  is  called  corrasion, 
and  that  which  is  not,  is  called  weathering. 

Stated  in  their  natural  order,  the  three  general  divisions  of 
the  process  of  erosion,  are(l)  weathering^  (2)  transportation^  and 
(3)  corrasion.  The  rocks  of  the  general  surface  of  the  land  are  dis- 
integrated by  weathering.  The  material  thus  loosened  is  trans- 
ported by  streams  to  the  ocean  or  other  receptacle.  In  transit 
it  helps  to  corrode  from  the  channels  of  the  streams  other  ma- 
terial, which  joins  with  it  to  be  transported  to  the  same  goaL 

(1.)  In  weathering  the  chief  agents  of  disintegmtion  are  solu- 
tion, change  of  temperature,  the  beating  of  rain,  and  vegetation. 

The  great  solvent  of  rocks  is  water,  but  it  receives  aid  from 
some  other  substances,  of  which  it  becomes  the  vehicle.  These 
substances  are  chiefly  products  of  the  formation  and  decompo- 
sition of  vegetable  tissues.  Some  rocks  are  disintegrated  by 
their  complete  solution,  but  the  great  majority  are  divided  into 
grains  by  the  solution  of  a  portion  ;  and  fragraental  rocks  usu- 
ally lose  b^  solution  the  cement  merely,  and  are  thus  reduced 
to  their  original,  incoherent  condition. 

The  most  rigid  rocks  are  cracked  by  sudden  changes  of  tem- 
perature ;  and  the  crevices  thus  begun,  are  opened  by  the  freez- 
ing of  the  water  within  them.  The  coherence  of  the  more 
porous  rocks  is  impaired  and  often  destroyed  by  the  same  ex- 
pansive force  of  freezing  water. 

The  beating  of  the  rain  overcomes  the  feeble  coherence  of 
earths,  and  assists  solution  and  frost  by  detaching  the  paiticles 
which  they  have  partially  loosened. 

Plants  often  pry  apart  rocks  by  the  growth  of  their  roots,  but 
their  chief  aid  to  erosion  is  by  increasing  the  solvent  power  of 
percolating  water. 

(2.)  A  portion  of  the  water  of  rains  flows  over  the  surface 
and  is  quickly  gathered  into  streams.  A  second  portion  is  ab- 
sorbed by  the  earth  or  rock  on  which  it  falls,  and  after  a  slow 
underground  circulation  reissues  in  springs.  Both  transport 
the  products  of  weathering,  the  latter  carrying  dissolved  min- 
erals, and  the  former  chiefly  undissolved. 

Transportation  is  also  performed  by  currents'of  air,  and  by 
the  direct  action  of  gravity ;  but  in  the  present  discussion  it 
will  not  be  necessary  to  consider  these  accessory  agents. 

(3.)  In  corrasion  the  agents  of  disintegration  are  solution 
and  mechanical  wear.  Wherever  the  two  are  combined,  the 
superior  eflBciency  of  the  latter  is  evident;  and  in  all  fields  of 
rapid  corrasion  the  part  played  by  solution  is  so  small  that  it 
may  be  disregarded. 

The  mechanical  wear  of  streams  is  performed  by  the  aid  of 
hard  mineral  fragments  which  are  carried  along  by  the  current 
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The  effective  force  is  that  of  the  current;  the  tools  are  mud, 
sand,  and  bowlders.  The  most  important  of  them  is  sand ;  it  is 
chiefly  by  the  impact  and  friction  of  grains  of  sand  that  the 
rocky  beds  of  streams  are  disintegrated. 

Streams  of  clear  water  corrade  their  beds  by  solution.  Muddy 
streams  act  partly  by  solution,  but  chiefly  by  attrition. 

Streams  transport  the  combined  products  of  corrasion  and 
weathering.  A  part  of  the  debris  is  carried  in  solution,  and  a 
part  mechanically.  The  finest  of  the  undissolved  detritus  is  held 
m  suspension  ;  the  coarsest  is  rolled  along  the  bottom  ;  and  there 
is  a  gradation  between  the  two  modes.  There  is  a  constant 
comminution  of  all  the  material  as  it  moves,  and  the  work  of 
transportation  is  thereby  accelerated.  Bowlders  and  pebbles, 
while  they  wear  the  stream-bed  by  pounding  and  rubbing,  are 
worn  still  more  rapidly  themselves.  Sand  grains  are  worn  and 
broken  by  the  continued  jostling,  and  their  fragments  join  the 
suspended  mud.  Finally  the  detritus  is  all  more  or  less  dis- 
solved by  the  water,  the  finest  the  most  rapidly. 

In  brief,  (1)  weathering  is  performed  by  solution;  by  change 
of  temperature,  including  frost;  by  rain  beating;  and  by  vege- 
tation. 

(2)  Transportation  is  performed  chiefly  by  running  water. 

(3)  Corrasion  is  performed  by  solution,  and  by  mechanical 
wear. 

Corrasion  is  distinguished  from  weathering  chiefly  by  in- 
cluding mechanical  wear  among  its  agencies,  and  the  import- 
ance of  the  distinction  will  be  apparent  when  we  come  to  con- 
sider how  greatly  and  peculiarly  this  agency  is  affected  by 
modifying  conditions. 

In  the  region  of  cafions,  the  progress  of  corrasion  has  out- 
stripped that  of  weathering,  and  to  discover  what  conditions 
have  determined  this  result,  is  to  solve  the  problem  of  the 
cafions. 

B.  The  chief  conditions  which  affect  the  rapidity  of  erosion 
are  (1)  declivity,  (2)  character  of  rock,  and  (3)  climate. 

(1.)  In  general,  erosion  is  viost  rapid  where  the  slope  is  steepest; 
but  weathering,  transportation  and  corrasion  are  affected  in 
different  ways  and  in  different  degrees. 

With  increase  of  slope  goes  increase  in  the  velocity  of  run- 
ning water,  and  with  that  goes  increase  in  its  power  to  transport 
undissolved  detritus. 

The  ability  of  a  stream  to  corrade  by  solution  is  not  notably 
enhanced  by  great  velocity  ;  but  its  ability  to  corrade  by 
mechanical  wear  keeps  pace  with  its  ability  to  transport,  or 
may  even  increase  more  rapidly.     For  not  only  does  the  bot- 
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torn  receive  more  blows  in  proportion  as  the  quantity  of  tran- 
sient detritus  increases,  but  the  olows  acquire  greater  force  from 
the  accelerated  current,  and  from  the  greater  size  of  the  mov- 
ing fragments.  It  is  necessary,  however,  to  distinguish  the 
ability  to  corrade  from  the  rate  of  corrasion,  which  will  be  seen 
further  on  to  depend  largely  on  other  conditions 

Weathering  is  not  directly  influenced  by  slope,  but  it  is 
reached  indirectly  through  ti*ansportation.  Solution  and  frost, 
the  chief  agents  of  rock  decay,  are  both  retarded  by  the  excessive 
accumulation  of  disintegrated  rock.  Frost  action  ceases  alto- 
gether at  a  few  feet  below  the  surface,  and  solution  gradually 
decreases  as  the  zone  of  its  activity  descends  and  the  circulation 
on  which  it  depends  becomes  more  sluggish.  Hence  the  rapid 
removal  of  the  products  of  weathering  stimulates  its  action,  and 
especially  tliat  portion  of  its  action  which  depends  upon  frost 
If,  however,  the  power  of  transportation  is  so  great  as  to  remove 
completely  the  products  of  weathering,  the  work  of  disintegra- 
tion is  thereby  checked  ;  for  the  soil,  which  weathering  tends  to 
accumulate,  is  a  reservoir  to  catch  rain  as  it  reaches  the  earth, 
and  store  it  up  for  the  work  of  solution  and  frost,  instead  of 
letting  it  run  off  at  once  unused. 

In  brief,  a  steep  declivity  favors  transportation  and  thereby 
favors  corrasion.  The  rapid,  but  partial,  transportation  of 
weathered  rock  accelerates  weathering;  but  the  complete  re- 
moval of  its  products  retards  weathering. 

(2.)  Other  things  being  equal,  erosion  is  most  rapid  when  the 
eroded  rock  offers  least  resistance;  but  the  rocks  which  are  most 
favorable  to  one  portion  of  the  process  of  erosion,  do  not  neces- 
sarily stand  in  the  same  relation  to  the  others.  Disintegration 
by  solution  depends  in  large  part  on  the  solubility  of  the 
rocks,  but  it  proceeds  most  rapidly  with  those  fragmental  rocks 
of  which  the  cement  is  soluble,  and  of  which  the  texture  is 
open.  Disintegration  by  frost  is  most  rapid  in  rocks  which  ab- 
sorb a  large  percentage  of  water  and  are  feebly  coherent.  Dis- 
integration by  mechanical  wear  is  most  rapid  in  sofl  rocks. 
Transportation  is  most  favored  by  those  rocks  which  yield  by 
disintegration  the  most  finely  comminuted  debris 

(3.)  The  influence  of  climate  upon  erosion  is  less  easy  to 
formulate.  The  direct  influences  of  temperature  and  rainfall 
are  comparatively  simple,  but  their  indirect  influence,  through 
vegetation,  is  complex,  and  is  in  part  opposed  to  the  direct  in- 
fluence of  rainfall. 

Temperature  affects  erosion  chiefly  by  its  changes.  Where 
the  rwge  of  temperature  includes  the  freezing  point  of  water, 
frost  contributes  its  powerful  aid  to  weathering  ;  and  it  is  only 
where  changes  are  great  and  sudden  that  rocks  are  cracked  by 
their  unequal  expansion  or  contraction. 
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All  the  processes  of  erosion  are  affected  directly  by  the 
amount  ol  minfall,  and  by  its  distribution  through  the  year. 
All  are  accelerated  by  its  increase  and  retarded  by  its  diminu- 
tion. When  it  is  concentrated  in  one  part  of  the  year  at  the 
expense  of  the  remainder,  transportation  and  corrasion  are  ac- 
celerated, and  weathering  is  retarded. 

Weathering  is  favored  by  abundance  of  moisture.  Frost  ac- 
complishes most  when  the  rocks  are  saturated ;  and  solution, 
when  there  is  the  freest  subterranean  circulation.  But  when 
the  annual  rainfall  is  concentrated  into  a  limited  season,  a  larger 
share  of  the  water  fails  to  penetrate,  and  the  gain  from  tempo- 
rary flooding  does  not  compensate  for  the  checking  of  all  solu- 
tion by  a  long  dry  season. 

Transportation  is  favored  by  increasing  water  supply  as 
greatly  as  by  increasing  declivity.  When  the  volume  of  a 
stream  increases,  it  becomes  at  the  same  time  more  rapid,  and 
its  transporting  capacity  gains  by  the  increment  to  velocity  as 
well  as  by  the  increment  to  volume.  Hence  the  increase  in 
power  of  transj'ortation  is  more  than  proportional  to  the  in- 
crease of  volume. 

It  is  due  to  this  fact  chiefly,  that  the  transportation  of  a 
stream  which  is  subject  to  floods  is  greater  than  it  would  be  if 
its  total  water  supply  were  evenly  distributed  in  time. 

The  indirect  influence  of  rainfall  and  temperature,  by  means 
of  vegetation,  has  different  laws.  Vegetation  is  intimately  re- 
lated to  water  supply.  There  is  little  or  none  where  the  annual 
precipitation  is  small,  and  it  is  profuse  where  the  latter  is  great 
and  especially  where  the  temperature  is  at  the  same  time  high. 
In  proportion  as  vegetation  is  profuse  the  solvent  power  of  per- 
colating water  is  increased,  ana,  on  the  other  hand,  the  ground 
is  sheltered  from  the  mechanical  action  of  rains  and  rills.  The  re- 
moval of  disintegrated  rock  is  greatly  impeded  by  the  conserv- 
ative power  of  roots  and  fallen  leaves,  and  a  soil  is  invariably 
preserved.  Transportation  is  retarded.  Weathering  by  solu- 
tion is  accelerated  up  to  a  certain  point,  but  in  the  end  it  suf- 
fers by  the  clogging  of  transportation.  The  work  of  frost  is 
nearly  stopped  as  soon  as  the  depth  of  soil  exceeds  the  limit  of 
frost  action.  The  force  of  rain-drops  is  expended  on  foliage. 
Moreover  a  deep  soil  acts  as  a  distributing  reservoir  for  the 
water  of  rains,  and  tends  to  equalize  the  flow  of  streams. 

Hence  the  general  effect  of  vegetation  is  to  retard  erosion ; 
and  since  the  direct  eft'ect  of  great  rainfall  is  the  acceleration 
of  erosion,  it  results  that  its  direct  and  indirect  tendencies  are 
in  opposite  directions. 

In  arid  regions  of  which  the  declivities  are  sufficient  to  give 
thorough  drainage,  the  absence  of  vegetation  is  accompanied  by 


O.  K.  GUbert-^The  Colorado  Plateau  Province.  98 

absence  of  soil.  When  a  shower  falls,  nearly  all  the  water  runs 
off  from  the  bare  rock,  and  the  little  that  is  absorbed  is  rapidly 
reduced  by  evaporation.  Solution  becomes  a  slow  process  for 
lack  of  a  continuous  supply  of  water,  and  frost  accomplishes 
its  work  only  when  it  closely  follows  the  infreq|uent  rain. 
Thus  weathering  is  retarded,  and  transportation  has  us  work  so 
concentrated  by  the  quick  gatheriug  oi  showers  into  floods,  as 
to  compensate,  in  part  at  least,  for  the  smallness  of  the  total 
rainfall  from  which  thev  derive  their  power. 

Hence  in  r^ons  of  small  rainfall,  surface  degradation  is 
usually  limited  by  the  slow  rate  of  disintegration  ;  while  in  re- 
gions of  great  rainfall  it  is  limited  by  the  rate  of  transporta- 
tion. There  is  probably  an  intermediate  condition,  with  mod- 
erate rainfall,  in  which  a  rate  of  disintegration  greater  than  that 
of  an  arid  climate  is  balanced  by  a  more  rapid  transportation 
than  consists  with  a  very  moist  climate,  and  in  which  the  rate 
of  degradation  attains  its  maximum. 

Having  examined  the  conditions  of  erosion  separately,  let  us 
now  group  them  in  such  combination  as  will  help  to  an  under- 
standing of  the  caiions. 

Over  nearly  the  whole  of  the  earth^s  surface  there  is  a  soil, 
and  wherever  this  exists  we  know  that  the  conditions  are  more 
favorable  to  weathering  than  to  transportation.  Hence  it  is 
true  in  general  that  the  conditions  which  linrit  transportation 
are  those  which  limit  the  general  degradation  of  the  surface. 

To  understand  the  manner  in  which  this  limit  is  reached,  it 
is  necessary  to  look  at  the  process  by  which  the  work  is  accom- 
plished. 

Transportation  and  Comminution, — A  stream  of  water  flowing 
down  its  bed  expends  an  amount  of  energy  that  is  measured  by 
the  quantity  of  water  and  the  vertical  distance  through  which 
it  descends.  If  there  were  no  friction  of  the  water  upon  its 
channel  the  velocity  of  the  current  would  continually  increase; 
but  if,  as  is  the  usual  case,  there  is  no  increase  of  velocity,  then 
the  whole  of  the  energy  is  consumed  in  friction.  The  friction 
produces  inequalities  in  the  motion  of  the  water,  and  especially 
induces  subsidiary  currents  more  or  less  oblique  to  the  general 
onward  movement  Some  of  these  subsidiary  currents  have  an 
upward  tendency,  and  by  them  is  performed  the  chief  work  of 
transportation.  They  lift  small  particles  from  the  bottom  and 
hold  them  in  suspension  while  they  move  forward  with  the 
general  current  The  finest  particles  sink  most  slowly  and  are 
carried  farthest  before  they  fall.  Larger  ones  are  barely  lifted, 
and  are  dropped  at  once.  Still  larger  are  only  half  lifted ;  that 
is,  they  are  lifted  on  the  side  of  the  current  and  rolled  over, 
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without  quitting  the  bottom.  And  finally  there  is  a  limit  to 
the  power  of  every  current,  and  the  largest  fragments  of  its 
bed  are  not  moved  at  all. 

There  is  a  definite  relation  between  the  velocity  of  a  current 
and  the  size  of  the  largest  bowlder  it  will  roll.  It  has  been 
shown  b}'  Hopkins  that  the  weight  of  the  bowlder  is  propor- 
tioned to  the  sixth  power  of  the  velocity.  It  is  easily  shown 
also  that  the  weight  of  a  suspended  particle  is  proportioned  to 
the  sixth  power  of  the  velocity  of  the  upward  current  that  will 

{)revent  its  sinking.  But  it  must  not  be  inferred  that  the  total 
oad  of  detritus  that  a  stream  will  transport  bears  any  such  re- 
lation to  the  rapidity  of  its  current  The  true  inference  is,  that 
the  velocity  determines  the  limit  in  coarseness  of  the  detritus 
that  a  stream  can  move  by  rolling,  or  can  hold  in  suspension. 

Every  particle  which  a  stream  lifts  and  sustains  is  a  draft 
upon  ita  energy,  and  the  measure  of  the  draft  is  the  weight 
(weighed  in  water)  of  the  particle,  multiplied  by  the  distance  it 
would  sink  in  still  water  in  the  time  during  which  it  is  sus- 

i)ended.  If,  for  the  sake  of  simplicity,  we  suppose  the  whole 
oad  of  a  stream  to  be  of  uniform  particles,  then  the  measure  of 
the  energy  consumed  in  their  transportation,  is  their  total 
weight  multiplied  by  the  distance  one  of  them  would  sink  in 
the  time  occupied  in  their  transportation.  Since  fine  particles 
sink  more  slowly  than  coarse,  the  same  consumption  oi  energy 
will  convey  a  greater  load  of  fine  than  of  coarsa 

Again,  the  energy  of  a  clear  stream  is  entirely  consumed  in 
friction  on  its  bi:)ttom  ;  and  the  friction  bears  a  direct  relation 
to  its  velocity.     But  if  detritus  be  added  to  the  water,  then  a 

f)ortion  of  its  energy  is  diverted  to  the  transportation  of  the 
oad  ;  and  this  is  done  at  the  expense  of  the  friction  upon 
the  bottom,  and  hence  at  the  expense  of  velocity.  As  the 
energy  expended  in  transportation  increases,  the  velocity 
diminishes.  If  the  detritus  be  composed  of  uniform  particles, 
then  we  may  also  say  that  as  the  load  increases,  the  velocity 
diminishes.  But  the  diminishing  velocity  will  finally  reach  a 
point  at  which  it  can  barely  transport  particles  of  tne  given 
size,  and  when  this  point  is  attained,  the  stream  has  its  maxi- 
mum load  of  detritus  of  the  given  size.  But  fine  detritus  re- 
quires less  velocity  for  its  transportation  than  coarse,  and  will 
not  so  soon  reduce  the  current  to  the  limit  of  its  efficiencv.  A 
greater  per  cent  of  the  total  energy  of  the  stream  can  hence  be 
enaployed  by  fine  detritus  than  by  coarse. 

Thus  the  capacity  of  a  stream  for  transportation  is  enhanced 
by  comminution  in  two  ways.  Fine  detritus,  on  the  one  hand, 
consumes  less  energy  for  the  transportation  of  the  same  weight, 
and  on  the  other,  it  can  utilize  a  greater  portion  of  the  stream's 
energy. 
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It  follows,  as  a  corollary,  that  the  velocity  of  a  fully  loaded 
stream  depends  {ceteris  paribus)  on  the  comminution  of  the  ma- 
terial of  the  load.  When  a  stream  has  its  maximum  load  of 
fine  detritus,  its  velocity  will  be  less  than  when  carrying  its 
maximum  load  of  coarse  detritus ;  and  the  greater  load  corre- 
sponds to  the  less  velocity. 

It  follows  also  thata  stream  which  is  supplied  with  heterogene- 
ous debris  will  select  the  finest.  If  the  finest  is  sufficient  in  quan- 
tity, the  current  will  be  so  checked  by  it,  that  the  coarser  cannot 
be  moved.  If  the  finest  is  not  sufficient,  the  next  grade  will 
be  taken,  and  so  on. 

Transportation  and  Declivity. — To  consider  now  the  relation 
of  declivity  to  transportation  we  will  assume  all  other  conditions 
to  be  constant.  Let  us  suppose  that  two  streams  have  the  same 
length,  the  same  quantity  of  water,  flow  over  beds  of  the  same 
character,  and  are  supplied  to  their  full  capacities  with  detritus 
of  the  same  kind  ;  but  differ  in  the  total  amount  of  fall.  Their 
declivities,  or  rates  of  fall,  are  proportional  to  their  falls.  Since 
the  energy  of  a  stream  is  measured  by  the  product  of  its  vol- 
ume ana  its  fall,  the  relative  energies  of  the  two  streams  are 
proportional  to  their  falls,  and  hence,  proportional  to  their  de- 
clivitiea  The  velocities  of  the  two  streams,  depending  as  we 
have  seen  above,  on  the  character  of  the  detritus  which  loads 
them,  are  the  same  ;  and  hence  the  same  amount  of  energy  is 
consumed  by  each  in  friction  on  its  bed.  And  since  the  energy 
which  each  stream  expends  in  transportation  is  the  residual 
after  deducting  what  it  spends  in  friction  from  its  total  energy, 
it  is  evident  that  the  stream  with  the  greater  declivity  will  not 
merely  have  the  greater  energy,  but  will  expend  a  less  per  cent 
of  it  in  friction  and  a  greater  per  cent  in  transportation. 

Hence  declivity  favors  transportation  in  a  degree  that  is 
greater  than  its  simple  ratio. 

[There  are  two  elements  of  which  no  account  is  taken  in  the 
preceding  discussion,  but  which  need  to  be  mentioned  to  pre- 
vent misapprehension,  although  they  detract  in  no  way  from 
the  conclusions. 

The  first  is  the  addition  which  the  transported  detritus  makes 
to  the  energy  of  the  stream.  A  stream  of  water  charged  with 
detritus  is  at  once  a  compound  and  an  unstable  fluid.  It  has 
been  treated  merely  as  an  unstable  fluid  requiring  a  constant 
expenditure  of  energy  to  maintain  its  constitution  ;  but  looking 
at  It  as  a  compound  fluid,  it  is  plain  that  the  energy  it  devel- 
opes  by  its  descent,  is  greater  than  the  energy  pertaining  to  the 
water  alone,  in  the  precise  ratio  of  the  mass  of  the  mixture  to 
the  mass  of  the  simple  water. 
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The  second  element  is  the  addition  which  the  detritus  makes 
to  the  friction  of  the  stream.  The  coefficient  of  friction  of  the 
compound  stream  upon  its  bottom  will  always  be  greater  than 
that  of  the  simple  stream  of  water,  and  hence  for  the  same 
velocity  a  greater  amount  of  energy  will  be  consumed. 

It  may  be  noted  in  passing,  that  the  energy  which  is  con- 
sumed in  the  friction  of  the  detritus  on  the  stream  bed,  accom- 
plishes as  part  of  its  work  the  mechanical  corrasion  of  the  bed] 

Transportation  and  quantity  of  water, — The  friction  of  a  stream 
upon  its  bed  depends  on  the  character  of  the  bed,  on  the  area 
or  the  surface  of  contact,  and  on  the  velocity  of  the  currenL 
When  the  other  elements  are  constant,  the  friction  varies 
directly  with  the  area  of  contact  The  area  of  contact  depends 
on  the  length  and  form  of  the  channel,  and  on  the  quantity  of 
water.  For  streams  of  the  same  length,  and  same  form  of  ci'oss- 
section,  but  differing  in  size  of  cross-section,  the  area  of  con- 
tact varies  directly  as  the  square  root  of  the  quantity  of  water. 
Hence,  ceteris  paribus^  the  friction  of  a  stream  on  ita  bed,  is  pro- 
portioned to  the  square  root  of  the  quantity  of  water.  But,  as 
stated  above,  the  total  energy  of  a  stream  is  proportioned  direct- 
ly to  the  quantity  of  water.  And  also,  the  total  energy  is 
equal  to  the  energy  spent  in  friction,  plus  the  energy  spent  in 
transportation.     Whence  it  follows,  that  if  a  stream  change  its 

auantity  of  water  without  changing  its  velocity  or  other  acci- 
ents,  the  total  energy  will  change  at  the  same  rate  as  the  quan- 
tity of  water,  the  energy  spent  in  friction  will  change  at  a  less 
rate,  and  the  energy  remaining  for  transportation  will  change  at 
a  greater  rate. 

It  follows,  as  a  corrollary,  that  the  running  water  which  car- 
ries the  debris  of  a  district,  loses  power  by  subdivision  toward 
its  sources  ;  and  that,  unless  there  is  &  compensating  increment 
of  declivity,  the  tributaries  of  a  river  will  fail  to  supply  it  with 
the  full  load  which  it  is  competent  to  carry. 

It  is  noteworthy  also,  that  the  obstruction  which  vegetation 
opposes  to  transportation,  is  especially  effective  in  that  it  is  ap- 
plied at  the  infinitesimal  sources  of  streams,  where  the  force  of 
the  running  water  is  least 

A  stream  which  can  transport  debris  of  a  given  size,  may  be 
said  to  be  competent  to  such  aebris.  Since  the  maximum  parti- 
cles which  streams  are  able  to  move  are  proportioned  to  the 
sixth  powers  of  their  velocities,  competence  depends  on  veloc- 
ity. Velocity,  in  turn,  depends  on  acclivity  and  volume,  and 
(inversely)  ou  load. 

In  brief,  the  capacity  of  a  stream  for  transportation  is  greater 
for  fine  debris  than  for  coarse. 
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Its  capacity  for  the  transportatiou  of  a  given  kind  of  debris 
is  enlarged  in  more  than  simple  ratio  by  increase  of  declivity  ; 
and  it  is  enlarged  in  more  than  simple  ratio  by  increase  of  vol- 
ume. 

The  competence  of  a  stream  for  the  transport  of  debris  of  a 
given  fineness,  is  limited  by  a  correspondent  velocity. 

The  rate  of  transportation  of  debns  of  a  given  fineness,  may 
equal  the  capacity  of  the  transporting  stream,  or  it  may  be  less. 
W  hen  it  is  less,  it  is  always  from  the  insufficiency  of  supply. 
The  supply  which  is  furnished  by  weathering  is  never  availa- 
ble unless  the  degree  of  fineness  of  the  debris  brings  it  within 
the  competence  of  the  stream  at  the  point  of  supplv. 

The  chief  point  of  supplv  is  at  the  very  heaa  oi  the  flowing 
water.  The  rain  which  falls  on  material  that  has  been  disin- 
tegrated by  weathering,  begins,  after  it  has  saturated  the  imme- 
diate surface,  to  flow  oflF.  But  it  forms  a  very  thin  sheet ;  its 
friction  is  great ;  its  velocity  is  small ;  and  it  is  competent  to 
pick  up  only  particles  of  exceeding  fineness.  If  the  material  is 
neterogeneous,  it  discriminates  and  leaves  the  coarser  particles. 
As  the  sheet  moves  on,  it  becomes  deeper,  and  soon  begins  to 
gather  itself  into  rilla  As  the  deepening  and  concentration  of 
water  progresses,  either  its  capacity  increases  and  the  load  of  fine 
particles  is  augmented,  or,  if  fine  particles  are  not  in  sufficient 
force,  its  competence  increases,  and  larger  ones  are  lifted.  In 
either  case  the  load  is  augmented,  and,  as  rill  joins  with  rill,  it 
steadily  grows,  until  the  accumulated  water  finally  passes  be- 
yond the  zone  of  disintegrated  material. 

The  particles  which  the  feeble  initial  currents  are  not  compe- 
tent to  move,  have  to  wait  either  until  they  are  subdivided  by 
the  agencies  of  weathering,  or  until  the  deepening  of  the  chan- 
nels of  the  rills  so  far  increases  the  declivities,  that  the  currents 
acquire  the  requisite  velocity,  or  until  some  fiercer  storm  floods 
the  ground  with  a  deeper  sheet  of  water. 

Thus  rate  of  transportation,  as  well  as  capacity  for  transpor- 
tation, is  favored  by  fineness  of  debris,  by  declivity,  and  by 
quantity  of  water.  It  is  opposed  chiefly  by  vegetation,  which 
holds  together  that  which  is  loosened  by  weathering,  and  shields 
it  from  the  agent  of  transportation  in  the  very  place  where  that 
agent  is  weakest 

When  the  current  of  a  stream  gradually  diminishes  in  its 
course — as,  for  example,  in  approaching  the  ocean — the  capac- 
ity for  transportatiou  also  diminishes;  and  so  soon  as  the 
capacity  becomes  less  than  the  load,  precipitation  begins, — the 
coarser  particles  being  deposited  first 

Corrasion. — If  a  stream  has  no  load  of  detritus,  it  corrades 
only  by  solution.    If  it  is  loaded  to  its  full  capacity,  it  does 
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not  corrade;  it  is  on  the  verge  between  corrasion  and  deposi- 
tion.    Only  with  a  partial  load  does  a  stream  wear  its  bottom. 

The  rapidity  of  mechanical  corrasion  depends  on  the  hardness, 
size,  and  number  of  transient  fragments,  on  the  hardness  of  the 
rock-bed,  and  on  the  velocity  of  the  stream.  The  blows  which 
the  moving  fragments  deal  upon  the  stream-bed  are  hard,  in 
proportion  as  tlie  fragments  are  large  and  the  current  is  swift 
They  are  most  effective  when  the  fragments  are  hard  and  the 
bed-rock  is  soft.  Their  number  is  increased,  up  to  a  certain 
limit,  by  the  increase  of  the  load  of  the  stream ;  but  when  the 
fragments  become  greatly  crowded  at  the  bottom  of  a  stream, 
their  force  is  partially  spent  among  themselves,  and  the  bed- 
rock is  in  the  same  degree  protected.  For  this  reason,  and  be- 
cause increase  of  load  causes  retardation  of  current,  it  is  prob- 
able that  the  maximum  work  of  corrasion  is  performed  when 
the  load  is  far  within  the  transporting  capacity. 

The  element  of  velocity  is  of  double  imjiortance,  since  it  de- 
termines, not  only  the  speed,  but,  to  a  great  extent,  the  size  of 
the  pestles  which  grind  the  rocks.  The  coefficients  upon  which 
it  in  turn  depends,  namely,  declivity  and  quantity  of  water, 
have  the  same  importance  in  corrasion  that  they  have  in  trans- 
portation. 

Let  us  now  direct  our  attention  to  the  region  of  the  cafions. 

The  Plateau  province  lay  beneath  the  ocean  up  to  the  close 
of  the  Mesozoic  age.  In  early  Cenozoic  time  it  was  nearly 
covered  by  fresh-water  lakes,  and  was  not  greatly  elevated. 

In  more  recent  epochs  it  has  been  very  greatly,  but  unequally 
lifted,  and  the  lakes  have  been  drained.  The  erosion  which 
began  with  the  first  lifting  of  a  part  above  the  ocean,  and  ex- 
tended its  area  as  the  lakes  disappeared,  has  progressed  contin- 
ually to  the  present  time.  The  average  total  uplift  has  been  about 
12,000  feet ;  the  mean  altitude  of  the  present  surface  is  about 
7,000  feet ;  and  the  difference  is  the  mean  amount  of  degrada- 
tion. While  5,000  feet  have  been  removed  from  the  general 
surface,  an  amount  greater  by  several  thousand  feet  has  been 
corraded  by  the  rivere. 

The  greater  tributaries  of  the  Colorado  have  their  sources 
in  elevated  mountains  which  are  well  supplied  with  rain.  Their 
courses  through  the  Plateaus  traverse  regions  characterized  by 
aridity. 

On  the  uplands  which  border  the  cafions  the  supply  of  water 
is  so  small  and  the  declivity  is  so  great  that  weathering  is  less 
favored  than  transportation.  No  soil  accumulates  ;  vegetation 
is  scant ;  and,  for  the  lack  of  these,  weathering  is  reduced  to  a 
minimum.  The  degradation  of  the  surface  is  limited  by  the 
retarded  weathering. 
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In  the  cafions  corrosion  is  favored  by  a  quantity  of  water  which 
belongs  to  the  mountain  sources  of  the  streams  and  not  to  the 
plateaus  which  they  divida  It  is  favored  bv  a  great  declivity 
of  bed,  for  which  it  is  indebted  to  the  magnitude  and  recency 
of  the  uplift.  It  is  favored  by  a  moderate  supply  of  debris, 
always  suflBcient  for  the  work  of  excavation,  but  not  so  great 
as  to  consume  the  entire  energy  of  the  current 

The  contrast  between  the  degradation  of  the  upland  and  the 
cutting  of  the  water  ways  is  strongest  where  the  rocks  are  best 
fitted  to  resist  disintegration.  The  rivers  sink  their  channels 
into  the  land  in  a  harmonious  and  interdependent  system,  and 
cannot  excavate  soft  beds  more  deeply  than  hard.  But  the 
only  downward  limit  to  the  degradation  of  the  tables  is  the 
level  of  the  draining  river  system  ;  and  the  varying  retardation 
which  it  suffers  from  the  resistance  of  difierent  rocks,  is  ex- 
pressed in  the  varying  height  of  the  cafion  walls. 

A  second  problem  which  has  arisen  in  the  study  of  the  ero 
sion  of  the  Plateaus  may  be  called 

The  Problem  of  Waterfalls. 

Where  rivers  descend  a  slope  that  is  terraced  by  the  alterna- 
tion of  hard  and  soft  strata,  they  are  apt  to  leap  from  the  edges 
of  the  hard  beds  in  waterfalls.  But  the  Colorado,  notwith- 
standing the  structure  of  its  bed  presents  the  most  favorable 
conditions,  makes  no  leap.  At  the  head  of  Marble  Canon,  for 
instance,  the  river  crosses  a  great  bed  of  limestone,  lying  nearly 
level  and  underlaid  by  a  great  bed  of  friable  sandstone.  The 
limestone  resists  all  erosive  agents  as  strongly  as  does  the  Niag- 
ara limestone,  and  the  sandstone  yields  to  them  as  easily  as 
does  the  Niagara  shale.  But,  instead  of  plunging  from  one  to 
th5  other  in  a  great  cataract,  the  Colorado  cuts  the  two  with 
nearly  equal  grade  of  channel.  Its  average  descent  in  the  hard 
rock  is  ten  feet  to  the  mile,  and  in  the  soil,  less  than  five  feet 

It  is  evident  that  for  the  production  of  waterfalls  some  con- 
dition is  involved  beside  that  of  the  constitution  of  the  rock- 
system  which  the  stream  traverses, — some  condition  that  per- 
tains to  the  constitution  of  the  stream  itself.  Such  a  condition 
is  to  be  found  in  the  relation  of  corrasion  to  transportation. 

Let  us  suppose  that  a  stream,  endowed  with  a  constant  sup- 
ply of  water,  is  at  some  point  continuously  supplied  with  as 
great  a  load  as  it  is  capable  of  carrying.  For  so  great  a  dis- 
tance as  its  velocitv  remains  the  same,  it  will  neither  corrade 
nor  deposit,  but  will  leave  the  grade  of  its  bed  unchanged.  But 
if  in  its  progress  it  reaches  a  place  where  a  less  declivity  of  bed 
rives  a  aiminished  velocitv,  its  capacity  for  transportation  will 
become  less  than  the  load,  and  part  of  the  load  will  be  depos- 
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iteA  Or  if  in  its  progress  it  reaches  a  place  where  a  greater 
declivity  of  bed  gives  an  increased  velocity,  the  capacity  for 
transportation  will  become  greater  than  the  load,  and  there  will 
be  corrasion  of  the  bed.  In  this  way  a  stream,  which  has  a 
supply  of  debris  equal  to  its  capacity,  tends  to  build  up  the 
gentler  slopes  of  its  bed  and  cut  away  the  steeper.  It  tends  to 
establish  a  single,  uniform  grade. 

Let  us  now  suppose  that  the  stream,  after  having  obliterated 
all  the  inequalities  of  the  grade  of  its  bed,  loses  nearly  the 
whole  of  its  load.  Its  velocity  is  at  once  accelerated  and  corra- 
sion begins  through  its  whole  length.  Since  the  stream  has 
the  same  declivity,  and  consequently  the  same  velocity,  at  all 
points,  its  capacity  for  cprrasion  is  everywhere  the  same.  Its . 
rate  of  corrasion,  however,  will  depend  on  the  character  of  its 
bed.  Where  the  rock  is  hard,  corrasion  will  be  less  rapid  than 
where  it  is  soft,  and  there  will  result  inequalities  of  grade.  But 
so  soon  as  there  is  inequality  of  grade,  there  is  inequality  of 
velocity,  and  iuequalitv  of  capacity  for  corrasion  ;  and  where 
hard  rocks  have  produced  declivities,  there  the  capacity  for 
corrasion  will  be  increased.  The  differentiation  will  proceed 
until  the  capacity  for  corrasion  is  everywhere  proportioned  to 
the  resistance,  and  no  farther, — that  is,  until  there  is  an  equilib- 
rium of  action. 

In  general,  we  may  say  that  a  stream  tends  to  eq^ualize  its 
work  in  all  parts  of  its  course.  Its  power  inheres  in  its  fall, 
and  each  foot  of  fall  has  the  same  power.  When  its  work  is  to 
corrade  and  the  resistance  is  unequal,  it  concentrates  its  energy 
where  the  resistance  is  great,  by  crowding  many  feet  of  descent 
into  a  small  space ;  and  diffuses  it,  where  the  resistance  is 
small,  by  using  but  a  small  fall  in  a  long  distance.  When  its 
work  is  to  transport,  the  resistance  is  constant,  and  the  fall  is 
evenly  distributed  by  a  uniform  grada  When  its  work  in- 
cludes both  transportation  and  corrasion.  as  is  the  usual  case, 
its  grades  are  somewhat  unequal ;  and  the  inequality  is  greatest 
when  the  load  is  least. 

The  condition  of  the  Colorado  in  respect  to  load,  is  midway 
between  that  of  the  Niagara  and  that  of  the  Platte. 

The  water  of  the  Niagara  is  nearly  devoid  of  load.  The  lake  of 
which  it  is  the  outlet  gathers  the  detritus  of  all  tributary 
streams,  and  only  on  the  occasion  of  a  great  storm  yields  a 
small  portion  of  it  to  the  Niagara.  The  work  of  transportation 
is  at  a  minimum,  and  the  differentiation  of  slope  dependent  on 
rock  structure  reaches  its  maximum  in  a  cataract 

The  water  of  the  Platte  is  supplied  with  all  the  load  it  can 
move.  Major  Powell,  who  has  made  a  careful  study  of  this 
river,  ascribes  its  peculiar  character  to  the  fact  that  it  flows 
through  a  region  of  unconsolidated  strata.     Its  mean  declivity 
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is  as  great  as  that  of  the  Colorado,  and  it  would  have  carved 
cafions  of  imposing  depth,  if  only  the  material  of  its  banks  were 
suflSciently  coherent  to  stand  in  walls.  As  it  is,  the  loose  sands 
of  the  bordering  plains  are  washed  and  blown  into  the  river, 
and,  its  energy  oemg  consumed  in  their  transportation,  the  cor- 
rasion  of  its  channel  can  proceed  no  faster  than  the  general 
degradation  of  the  plain.  Having  little  work  to  perform  be- 
side the  transportation  of  its  load,  it  maintains  an  almost  un- 
varied slope  from  the  foot  of  the  mountains  to  its  mouth. 

In  that  portion  of  the  Colorado  which  is  contained  in  the 
Plateau  province,  the  load  consumes  a  share  of  the  energy  of 
the  stream  and  leaves  to  corrasion  the  remainder.  The  slopes 
of  the  stream-bed  are  varied,  but  not  so  greatly  as  those  of  the 
Niagara.  Where  the  bed-rock  is  soft,  the  declivity  is  small. 
Where  it  is  hard,  the  declivity  is  relatively  great ;  but  in  the 
toughest  hornblende  rock  the  mean  angle  of  slope  does  not  ex- 
ceed three  degrees. 

The  Problem  of  Inconsequent  Drainage. 

There  is  a  third  problem  of  erosion  now  under  investigation 
in  the  Plateaus  that  promises  results  of  value  and  novelty.  It 
was  propounded  by  Major  Powell,  and  is  set  forth  on  page  162, 
et  seq,,  of  his  "Exploration  of  the  Colorado  River.''  The  ques- 
tion to  be  answered  is:  What  is  the  relation  of  the  drainage 
system  of  the  Plateaus  to  the  system  of  displacements?  How 
far  is  it  consequent^  how  far  antecedent ^  how  far  super-imposed^ 

If  a  series  of  sediments,  accumulated  in  an  ocean  or  lake,  be 
subjected  to  a  system  of  displacements  while  still  under  water, 
and  then  be  converted  to  dry  land  by  elevation  en  masse^  or  by 
the  retirement  of  the  water,  the  rains  which  fall  on  it  will  in- 
augurate a  drainage  system  perfectly  conformable  with  the 
system  of  displacements.  Streams  will  rise  along  the  crest  of 
each  anticlinal,  will  flow  from  it  in  the  direction  of  the  steepest 
dip,  will  unite  in  the  synclinals,  and  will  follow  them  length- 
wise. The  axis  of  each  svnclinal  will  be  marked  bv  a  water- 
course ;  the  axis  of  each  anticlinal  by  a  watershed.  Such  a 
system  is  said  to  be  consequent  on  the  structure. 

If,  however,  a  system  of  displacements  affect  a  rock  series 
after  the  series  has  become  continental,  it  will  have  alreadv  ac- 
quired  a  system  of  waterways,  and,  unless  the  displacements 
are  produced  with  unusual  rapidity,  the  waters  will  not  be 
diverted  from  their  accustomea  ways.  The  effect  of  local  ele- 
vation will  be  to  stimulate  local  corrasion,  and  each  river  that 
crosses  an  uplifted  block  will,  inch  by  inch  as  the  block  rises, 
deepen  its  channel  and  valorously  maintain  its  original  course. 
It  will  result  that  the  directions  of  the  drainage  lines  will  be 
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independent  of  the  displacements.     Such  a  drainage  system  is 
said  to  be  antecedent  to  the  stnictare. 

There  is  one  other  case.  Suppose  a  rock  series  that  has  been 
folded  and  eroded,  to  be  again  submerged,  and  to  receive  anew 
accumulation  of  unconforming  sediments.  Suppose  further, 
that  it  once  more  emerges,  and  that  the  new  sediments  are 
eroded  from  its  surface.  Then  the  drainage  system  will  have 
been  given  by  the  form  of  the  upper  surface  of  the  superior 
strata,  but  will  be  independent  of  the  structure  of  the  inferior 
series  into  which  it  will  descend  vertically  as  the  erosion  pro- 
gresses. Such  a  drainage  system  is  said  to  be  super-imposed 
upon  the  structure  of  the  older  series  of  strata. 

A  large  share  of  the  drainage  of  the  Plateaus  is  not  conse- 
quent How  much  is  super-imposed,  and  how  much  ante- 
cedent remains  to  be  determined.  With  the  solution  of  the 
Eroblem  are  involved  the  determination  of  the  antiquity  and 
istory  of  the  Green  and  Colorado  Rivers,  and  the  physical 
history  of  the  great  Tertiary  lakes ;  and  we  may  hope  that  from 
its  discussion  will  result  the  establishment  of  laws,  by  the  aid 
of  which  it  shall  be  possible,  in  other  regions,  to  deduce  facts  of 
geological  history  from  an  examination  of  the  relation  of  struc- 
ture to  drainage. 

Summary. 

The  exposure  of  the  rock  structure  in  the  Colorado  Plateau 
province  is  exceptionally  thorough.  Soil  and  vegetation  ob- 
struct the  view  less  than  in  other  lands,  and  deep  cations  exhibit 
natural  sections  in  many  directions. 

The  rock  structure  is  simple  but  not  the  simplest  The 
strata  have  been  displaced,  but  their  displacement  is  so  little 
complex  that  it  can  be  clearly  determined  in  kind  and  amount 

In  virtue  of  the  simplicity  of  structure  and  continuity  of  ex- 
posure, the  geologist  does  not  have  to  put  fragmentary  data 
together  and  grope  for  the  general  facts  of  which  they  form 
part,  but  is  able  to  see  all  the  parts  combined  in  nature  in  visi- 
tle  wholes.  Nothing  need  be  left  for  doubtful  interpretation 
where  everything  can  be  seen ;  and  with  the  facts  of  structure 
conspicuous  and  beyond  question,  the  mind  is  left  free  to  search 
for  causes. 

The  facilities  for  the  study  of  single,  simple  displacements, 
isolated  from  other  phenomena  of  the  same  order,  are  equalled 
by  those  for  the  study  of  eruptive  mountains  which  are  at  once 
simple,  isolated,  and  dissected  by  erosion. 

To  the  student  of  stratigraphy  are  otiered  continuous  expos- 
ures of  great  length. 

To  the  student  of  erosion  are  exhibited  the  most  distin- 
guished monuments  of  its  action ;  and  he  is  given  an  opportu* 
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nity  to  partially  isolate  certain  of  the  conditions  which  con- 
trol the  rapidity  of  erosive  action,  by  viewing  their  influence 
where  that  influence  is  at  a  maximum. 

No  attempt  has  been  made  in  this  brief  review  to  indicate 
the  entire  range  of  the  subjects  that  will  interest  the  geological 
student  of  the  region.  It  was  proposed  rather  to  call  attention 
to  those  categories  of  phenomena  which  give  greatest  promise 
of  affording  contributions  to  the  body  of  principles  which  con- 
stitute the  science  of  geology, — as  distinguished  from  the  phe- 
nomena which  will  merely  enlarge  the  body  of  facts  upon  wnich 
its  established  principles  are  based.  The  progress  of  geological 
exploration  has  compassed  so  small  a  fraction  of  the  earth's  sur- 
face that  the  aspect  of  the  science  is  modified,  in  greater  or  less 
degree,  by  the  addition  of  each  important  mass  of  facts;  and 
when  the  contribution  from  the  Plateaus  shall  have  been  made, 
I  am  confident  that  its  record  will  find  a  place  in  the  history  of 
geological  progress. 

Already  the  field  has  yielded  to  its  students  results  which 
are  new  to  them,  and  which  are  probably  new  to  the  world  of 
science.  Among  them  are  a  type  of  uplifted  mountains,  a 
type  of  eruptive  mountains,  a  theory  of  waterfalls,  and  a  classi- 
fication of  drainage  systems. 


Art.  XI. — Note  on  the  development  and  homologies  of  the  an- 
terior brain-mass  with  Sharks  and  Skates  ;*  by  Prof.  BuRT  G. 

Wilder. 

Ik  the  paper  to  which  I  have  just  referredf  are  some  state- 
ments, partly  original  and  partly  based  upon  the  authority  of 
othere,  which,  after  a  comparison  of  the  preparations  before 
youj  I  now  believe  to  require  modification. 

1.  The  structure  of  the  so-called  lobe  and  crus, — Accepting  the 
common  belief  (as  stated  by  Owen)  that  "  in  sharks  a  ventricle 
is  continued  to  each  rhinencephalon  along  its  crus  from  the 

*  Part  of  a  lecture  on  the  brains  of  Plag^ostomes  (one  of  a  course  upon  the 
brains  of  the  fish-like  Vertebrates,  to  the  special  students  of  Natural  History  at 
Gomeli  University)  delivered  May  23d,  1876. 

f  Notes  on  the  American  Gknoids,  Amieij  Lepidogteua^  Aeipenaer  and  Polyodon, 
L  On  the  respiratory  actions  of  AnUa  and  Lepidosteus.  II.  On  the  transfonna- 
tiooB  of  the  tail  of  Lepidoskua.  III.  On  the  transformation  of  the  pectoral  fins  of 
LepidotUnB.  lY.  On  the  brains  of  Amia^  LepidostetUy  Acipenser  and  Folyodon, 
Proc  Am.  Assoc.  Adv.  Sci.,  1875,  161-194 ;  3  plates. 

I  These  comprised  brains,  entire  or  more  or  less  dissected,  of  the  following  forms : 
Mmttebts  laevia^  foetal,  young,  and  adult ;  AcarUhiaa  vulgaris^  fcBtal,  and  adult ;  Zy- 
gana.  fcetal,  and  adult ;  Ckircharias  obscurus  (three  examples) ;  THakia  9emifa9ciaiu8 ; 
OtUmiaspia  Americanus  (three  examples) ;  Rata  (ep,  7) ;  Mylu)b<sH8  bispinosw ;  Ibf' 
p&io  (sp.  ?). 
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Erosencephalon/'  I  was  led  to  conclude  that  the  small  hollow 
ud  from  the  side  of  the  anterior  brain-mass  (evidently  the 
slightly  modified  anterior  cerebral  vesicle)  of  the  foetal  Musfeius 
must  elongate  and  expand  at  its  tip  in  contact  with  the  olfac- 
tory sack  so  as  to  form  the  lobe  ana  crus ;  pase  182.  But  the 
young  and  adult  brains  since  examined  show  tnat  the  ventricle 
ends  as  a  rounded  cul-de-sac  before  reaching  the  "  loba"  The 
same  is  the  case  in  ilcan^/a^  and  others  with  short  *' crura." 
In  Myliohatis^  Carchanas  and  others  it  is  even  more  apparent 
that  the  greatly  elongated  crura  are  merely  bundles  of  nerve 
fibers,  the  distal  expansion  of  which  forms  the  so-called  lobe. 
Should  there  be  found  ganglionic  tissue  intermingled  with  the 
fibers  there  would  be  reason  for  closer  comparison  of  the  mass 
with  the  retina  of  the  eye,  but  not,  it  seems  to  me,  for  regarding 
it  as  serially  homologous  with  the  optic  lobe  as  a  part  of  the 
brain.  The  true  olfactory  lobe  or  rhinencephalon  seems  there- 
fore to  embrace  only  the  hollow  base  of  the  crus,  more  or  less 
thickened  and  more  or  less  distinguishable  from  the  main  mass 
as  a  conical  process.  The  olfactory  bulb,  with  the  more  or  less 
elongated  crus  of  many  Plagiostomes,  seems  to  be  developed 
independently  or  in  connection  with  the  olfactory  sack  as  are 
the  general  nerves.  But  it  is  very  desirable  to  trace  their 
formation  in  forms  having  long  olfactory  crura. 

2.  2^he  develofjinent  and  position  of  the  hemispheres, — If  the 
foregoing  conclusion  be  correct,  the  hemispheres  of  sharks  and 
skates  must  be  sought  for  elsewhere  than  in  the  thickened  and 
hollow  bases  of  the  so-called  olfactory  crura.  The  entire  ante- 
rior mass  has  been  regarded  by  some  as  the  coalesced  hemi- 
spheres ;  anil  some  foundation  for  this  is  afforded  by  the  more 
or  less  distinct  median  furrow  on  its  exposed  surfaces.  But  in 
the  adult  preparations  before  you  this  lurrow  does  not  extend 
over  the  hinder  part  of  the  mass.  In  several  its  posterior  ter- 
mination is  indicated  by  a  vascular  foramen  apparently  extend- 
ing vertically  through  the  brain.  In  the  young  A/uateltis  and 
foetal  Acantiiias  the  furrow  is  an  actual^is^areas  farback  as  the 
foramen  above  mentioned.  The  fcetal  Mustelus  presents  only  a 
shallow  median  depression  upon  the  front  of  the  anterior 
vesicle.  Finally  the  horizontal  sections  and  the  dissections 
show  the  existence  in  some  adults  of  the  following  cavities  or 
ventricles  : 

A.  The  y-shaped  remnant  of  the  cavity  of  the  anterior  vesicle 
reduced  by  the  great  thickening  of  the  walls  ;  the  posterior  arm 
opens  into  the  third  ventricle  behind ;  the  two  antenor  communi- 
cate with  the  secondary  ventricles.  B.  The  olfactory  ventri- 
cles, continued  for  a  greater  or  less  distance  into  the  olfactory 
lobes.  C.  Ventricles,  one  on  each  side  extending  forward  anS 
usually  inward  within  the  lateral   masses    separated   by  the 
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furrow  or  fissure.  D.  In  Odoniaspis  and  some  others  there  are 
posterior  prolongations  of  the  ventricle  upon  a  higher  plane 
than  the  anterior  horns  of  the  original  cavity. 

A  fuller  series  of  foetal  brains  is  required  for  absolute 
demonstration,  but  the  appearances  above  described  suggest  the 
following  conclusion  :  The  hinder  pArt  of  the  mass  corresponds 
to  the  prothalami  of  Ganoids.  Tne  true  hemispheres  are  the 
lateral  masses  more  or  less  completely  fused  on  the  middle  line 
(as  are  the  olfactory  lobes  of  frogs  and  toads,)  and  sometimes 
developing  at  the  plane  of  union  a  bundle  of  longitudinal  com- 
missural fibers.  The  hemispheres  retain  their  typical  condition 
as  anterior  protrusions  of  the  anterior  vesicle ;  but  they  lie 
mesiad  of  the  olfactory  lobes,  and,  in  Mustelus  at  least,  seem 
to  be  formed  after  them.  It  seems  probable  therefore  that  the 
commonly  accepted  definitions  of  the  hemispheres  and  the 
olfactory  lobes  must  be  modified  with  reference  to  the  condi- 
tions here  indicated.:  —  the  latter  being  developed  fii-st  and 
directly  from  the  anterior  cerebral  vesicle;  the  former  to  the 
inner  or   mesial  side  of  the  a 

olfactory   lobea      Their  rel-  )         c  '^^^^^'^^'"^'^^hl. 

ative  positions  are  thus  the       ^    /^jtm^i^^^^  \/^'    / 
reverse  of  what  they  are  in        >^^S^^Rm^^ 
Petromysyjn,  notwithstanding         ^^^^K^^^^    _lt^S 
the   other   points   of   resem- 
blance between  the  Plagios- 
tomes  and  the  Myzonts. 

Explanation  of  FionBE& 

J^gore  I. — DiAgrams  of  sectionB  of  the  large  median  anterior  brain-mass  of 
sharks.  A.  From  embryo  Mustelus  37  mm.  long.  Horizontal  section  (enlarged) 
of  the  thin-walled  mass  which  seems  to  be  the  slightly  modified  front  and 
larger  portion  of  the  anterior  cerebral  vesicle.  (In  Ganoids  and  Teleosts  this 
mass  seems  to  diyide  above  so  as  to  form  the  lateral  masses  called  by  me  pro- 
ikalamt).  01.L.  The  commencing  olfactory  lobes.  L.T.  The  center  of  the  lamina 
termmoHs  or  anterior  wall  of  the  vesicle.  On  each  side  the  wall  protrudes 
dighUy. 

B.  From  foetal  Aeantliuu  16  cm.  long.  Horizontal  section,  enlarged.  The 
walls  are  thicker ;  the  olfactory  lobes  are  larger,  and  the  lateral  protrusions  of 
the  lamina  terminalis  are  much  more  extensive. 

C.  From  an  adult  Mustelus.  The  olfactory  lobe  has  either  expanded  into  or 
become  connected  with  a  large  crescentic  bulb  into  which  the  ventricle  does  not 
extend.  The  lateral  protrusions  (H)  are  closely  united  by  their  mesial  surfaces 
at  the  suture  (S).  The  foramen  (F)  marks  the  position  of  the  median  line  of 
Uie  lamina  termlnali&  The  cavities  are  much  reduced  by  the  thickening  of  tha 
walls. 
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Art.  Xn. — Ntwform  </  Compensating  Pendulum;  by  J.  Law- 
rence Smith,  Louisville,  Ky. 

In  the  construction  of  this  new  form  of  compensating  pen- 
dulum, I  have  taken  advantage  of  the  very  great  expansibility 
of  that  combination  of  sulphur  and  caoutchouc  known  as  vul- 
canite or  ebonite.  Its  coemcient  of  expansion  is  known  to  ap- 
f  roach  that  of  mercury  in  the  ranges  oi  temperature  from  0®  to 
0°C. 

The  mechanical  arrangement  adopted  is  a  very  simple  one. 
The  rod  of  the  pendulum  is  of  round  steel,  witli  an  adjusting 
screw  at  the  lower  end  :  a  round  rod  of  vulcanite  with  a  hole 
in  the  center  is  passed  on  to  the  steel  rod,  fitting  it  loosely,  and 
being  held  in  place  by  the  adjusting  screw.  The  bob  of  the 
pendulum  consists  of  a  heavy  mass  of  brass  with  a  hole 
through  the  center  large  enough  to  admit  the  vulcanite  over 
which  it  passe>^,  and  by  a  properly  arranged  stop,  rests  on  the 
end  of  the  vulcanite  farthest  from  the  lower  end  of  the  pendu- 
lum, so  that  any  expansion  of  the  vulcanite  elevates  the  brass 
bob,  thus  compensating  for  the  downward  expansion  of  the 
steel  rod  and  brass  bob. 

There  is  a  simple  mechanical  arrangement  for  adjusting  the 
proper  difference  between  the  length  of  the  vulcanite  and  the 
other  parts  of  the  pendulum. 

For  a  second  pendulum  to  an  astronomical  clock,  I  have 
used  the  following  dimensions:  diameter  of  the  steel  rod  6 
mm. ;  diameter  of  vulcanite,  25  mm. ;  length  of  same,  165  mm. ; 
diameter  of  brass  bob,  63  mm ;  length  of  the  same,  156  mm. 
These  dimensions  are  in  no  way  insisted  on  as  being  the  best 
For  a  half  second  pendulum  I  have  used  a  steel  rod  3  mm.  in 
diameter;  vulcanite  11  mm.  in  diameter  and  63  mm.  long;  brass 
bob  38  mm,  in  diameter  and  57  mm.  long. 

I  have  had  one  of  these  pendulums  attached  to  an  astronom- 
ical clock,  and  after  adjustment  it  has  been  running  four 
months  with  very  satisfactory  results.     Should   this  form  of 

Eendulum  prove  itself  constant  and  correct,  it  would  certainly 
e  a  convenient  one  for  transportation,  and  very  much  less 
costly  than  the  ordinary  form.-  And  as  for  the  half-second 
pendulum,  in  such  constant  use  in  mantle  clocks,  it  will  be  of 
the  greatest  service  and  not  add  more  than  20  cents  cost  to  the 
commonest  form  of  pendulum  that  can  be  used. 

As  regards  the  uniformity  of  the  coeflBcient  of  expansion  of 
all  vulcanites,  of  course  it  is  not  to  be  supposed  that  it  can  be 
relied  upon,  but  a  very  simple  method  is  used  to  ascertain  it  for 
any  single  specimen,  or  for  a  number  made  of  the  same  lot  of 
material. 
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I  have  made  experiments  on  several  different  specimens,  and 
the  results  vary  little  from  each  other.  The  range  of  temper- 
ature with  which  the  experiments  were  made  was  from  zero 
to  43°  C,  on  a  bar  25  mm.  in  diameter,  and  804  mm.  long, 
this  expanding  in  length  9-10  mm. ;  making  the  entire  ex- 
pansion equal  to  j^j  of  the  entire  length  of  the  rod  for  a 
tempeniture  ranging  from  freezing  to  boiling  point,  giving  as 
coefficient  for  Tinear  expansion  for  one  degree  centigrade 
0"000079365.  This  coefficient  is  seen  to  be  lower  than  that  of 
mercury  ;  but  from  the  fact  that  mercury  corrects  the  pendu- 
lum by  only  one-half  its  expansion,  and  the  vulcanite  is  made 
to  correct  it  by  its  entire  expansion,  the  length  of  vulcanite  re- 
quired is  even  less  than  the  column  of  mercury  used  in  the  mer- 
curial pendulum.  This  instrument  is  one  whose  use  depends 
on  its  accuracy  of  operation  after  careful  trial  for  some  time. 


Art.  XIIL — Aragonite  on  the  surface  of  a  meteoric  iron,  and  a 
new  mineral  (Daubreelitt)  in  the  concretions  of  the  interior  of  the 
same ;  by  J.  Lawrence  Smith,  Louisville,  Ky. 

L  Incrustation  of  Aragojiite. 

The  remarks  in  this  communication  have  reference  to  some  of 
the  masses  of  iron  that  have  been  brought  from  that  region  of 
Mexico  called  the  Bolson  de  Mapini,  or  the  Mexican  desert,  sit- 
uated in  Cohahuila  and  Chihuahua,  two  of  the  northern  prov- 
inces of  Mexico ;  the  desert  being  four  hundred  miles  from 
east  to  wast,  and  five  hundred  miles  from  north  to  south,  border- 
ing on  the  Rio  Grande.  This  region,  so  prolific  in  masses  of 
meteoric  iron,  has  been  described  by  Prof.  Burckhardt  of  Bonn 
as  well  as  by  myself. 

In  1864  I  described  three  of  the  masses  (this  Journal,  vol. 
xxviii,  pp.  409)  ;  two  of  these  have  been  brought  to  the  United 
States,  one  weighing  125  kilograms  and  the  other  630  kilo- 
grams. In  1868,  eight  others  were  brought  to  this  country, 
the  heaviest  weighing  325  kilograms.  These  I  described  in  1869 
(this  Journ.,  Nov.,  1869);  and  in  1871  I  was  enabled  to  give  a 
description  and  an  analysis  of  a  still  larger  one  weighing  about 
3500  kilograms,  this  last  one  remaining  on  the  western  bound- 
ary of  the  desert  near  El  Para. 

We  have  some  account  of  one  even  larger  than  the  last, 
located  in  the  very  center  of  the  desert.  So  lar  as  known  there 
have  been  found  in  this  locality  not  less  than  15,000  kilograms 
of  meteoric  matter,  an  amount  exceeding  that  which  has  been 
brought  together  in  cabinets  from  all  other  sources. 


108  c/.  L.  Smith — IncrusiaiUm  of  Aragonite. 

WheD  I  examined  the  eight  masses  in  1868,  I  noticed  a 
white  crust  on  a  small  part  of  the  surfaces  of  two  of  them,  but 
at  that  time  I  could  not  make  any  critical  examination  of  it 
Within  the  past  few  months,  these  irons  have  come  under  my 
control,  and  therefore  I  have  been  enabled  to  examine  the 
points  that  had  been  omitted,  the  most  interesting  of  which 
forms  the  subject  of  this  communication. 

On  one  of  these  masses  of  iron,  weighing  210  kilograms, 
there  is  a  small  amount  of  a  white  incrustation  covering  about 
15  square  centimeters  of  the  surface:  and  on  another,  weighing 
276  kilograms,  there  is  an  incrustation,  which  covered  originally 
over  200  sauare  centimeters  of  the  surface,  attached  firmly  to 
the  iron,  ana  when  broken  off  (as  most  of  it  has  been  by  care- 
less handling  of  the  mass),  it  brings  away  with  it  on  the  un- 
der surface  a  portion  of  the  iron  that  has  become  oxidized : 
its  thickness  is  from  one  to  five  millimeters. 

It  is  quite  hard,  scratching  calc  spar  very  readily;  the  sur- 
fece  of  it  is  irregular  and  granular.  If  broken  perpendicularly 
to  the  surface  oi  the  iron  and  ground  down,  it  will  receive  a 
very  good  polish,  showing  an  irregular  and  wavy  structure  on 
many  of  the  pieces,  and  parallel  to  the  sur&ce  oi  the  iron,  with 
yellow  and  dark  brown  streaks  like  the  Gibraltar  limerock;  it 
effervesces  with  acids,  and  is  an  incrustation  of  aragonite. 

The  following  is  the  composition  of  the  mineral : 

Carbonate  of  lime 93"10 

Sesquioxide  of  iron 1  '00 

Magnesia triMce 

Insoluble  residue 4*60 

Water 100 

As  regards  its  formation,  I  am  satisfied  that  the  crust  has 
been  made  on  the  iron  since  the  fall  of  the  latter.  Conceiving 
this  to  be  the  case,  I  desired  to  know  the  nature  of  the  rock 
and  so.l  where  these  meteorites  were  found,  and  I  have  been 
able  to  gather  the  following  particulars  from  Dr.  Butcher  who 
collected  the  specimens  under  examination.  This  spot  is  in  an 
alluvial  valley  or  plain  between  two  ranges  of  high  mountains 
running  parallel  with  each  other  varying  in  distance  from  one  to 
three  miles.  The  mountains  at  the  base  are  calcareous  in  for- 
mation, and  in  the  hills  and  plains  there  are  large  calcareous 
deposits.  The  plain  in  many  places  is  cut  up  with  deep  ravines, 
and  several  of  the  specimens  of  iron  were  found  among  the 
stones  and  sand  at  the  bottom  of  the  ravines,  and  duriing 
heavy  rains  were  washed  or  covered  with  water.  It  is  however 
only  in  wet  seasons  that  the  water  is  found  remaining  in  the 
ravines  and  depressions  of  the  valley,  an<i  this  water  is  always 
brackish  to  the  taste,  containing  a  large  amount  of  mineral 
matter. 
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Without  giving  any  further  details  of  the  nature  of  this 
region  of  Mexico  where  these  meteorites  were  collected,  suffi- 
cient has  been  stated  to  show  the  probable  source  of  the  cal- 
careous incrustation  which  I  discovered  upon  two  of  them. 

This  incrustation  on  meteorites  has  been  discovered  but  twice 
before,  and  in  both  instances  by  myself.  One  of  them,  however, 
is  of  so  obscure  and  unsatisfactory  a  character  that  I  have  not 
given  any  public  notice  of  it.  The  other  is  the  case  of  the 
Newton  County  meteorite  described  by  me  (this  Journal,  II, 
voL  xl,  1866).  It  is  a  meteoric  stone  belonging  to  the  variety 
classified  by  M.  Daubr^e  as  Syssid^res ;  specimens  of  it  have 
been  furnished  by  me  to  the  museums  of  the  Garden  of  Plants, 
Gi'eat  Britain  ana  Vienna,  with  this  incrustation  in  well  defined 

{)article8  of  a  translucent  character  adhering  firmly  to  the  sur- 
ace.  The  entire  amount  of  this  meteorite  yet  known  does  not 
exceed  700  grams,  although  the  primitive  mass  must  still  exist 
in  a  sparsely  settled  region  of  Arkansas,  and  when  obtained 
will  no  doubt  furnish  specimens  with  a  larger  amount  of  the 
calcareous  incrustation  upon  it 

2.  New  Meteoric  Miner al^  Daubreelite, 

Two  of  the  masses  of  iron  above  referred  to  have  been  cut 
across,  the  section  made  on  one  of  them  being  over  fifteen 
square  decimeters ;  also  several  transverse  cuts  have  been 
made.  In  all  of  these  sections  a  number  of  nodular  concretions 
have  been  exposed,  most  of  them  quite  small,  and  liardly  any 
exceeding  a  centimeter  in  diameter.  At  the  first  glance  all 
these  nodules  have  the  appearance  of  very  finely  crystallized 
troilite ;  but  a  little  closer  inspection  reveals  the  fact  that  most 
of  these  nodules  have  more  or  less  of  a  black  mineral  associated 
with  it.  I  had  never  seen  anything  of  the  kind  before,  it  being 
very  evident  that  it  was  not  graphite.  As  further  examination 
has  proved  it  to  be  a  new  and*  interesting  mineral,  I  have 
thought  proper  to  designate  it  after  M.  Daubr^e,  who  has  done 
so  much  m  the  study  and  elucidation  of  meteoric  minerals. 

Daubrfelite  is  a  black  lustrous  mineral,  highly  crystalline  in 
structure,  occurring  on  the  borders  of  the  troilite  nodules,  and 
sometimes  running  across  the  center  of  them,  as  may  be  seen  in 
one  of  the  specimens,  where,  in  a  nodule  of  troilite,  a  vein  of 
the  mineral  traverses  the  verv  center  of  the  nodule,  which  is 
two  millimeters  in  width  and  twelve  millimeters  long.  It  has 
a  distinct  cleavage,  but  I  cannot  make  out  its  crystalline  form. 
It  is  very  fragile,  and  in  the  attempt  to  detach  it  from  the  iron, 
it  breaks  up  into  small  fragments  resembling  small  particles  of 
molybdenite.  It  is  feebly  attracted  in  very  fine  particles  when 
a  strong  magnet  is  brought  in  contact  with  it.  This  may  arise 
from  the  presence  of  a  minute  quantity  of  troilite  which  it  is 
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very  diflScult  to  get  rid  of.  Pulverized,  it  furaishes  a  perfectly 
black  powder,  the  smallest  particle  of  which  gives  before  the 
blowpipe  a  very  strong  reaction  of  chromium.  Heated  very 
intensely,  it  loses  its  brilliant  color  and  becomes  a  dull  black. 

The  powdered  mineral  is  dissolved  completely  in  nitric  acid. 
The  solution  is  intensely  green,  and  furnishes  a  strong  reaction 
of  sulphuric  acid  and  oxide  of  chrome.  The  other  strong  acids 
attack  it  but  slightly. 

This  solubility  in  nitric  acid  readily  distinguishes  it  from 
chrome  iron.  The  quantity  of  mineral  I  was  enabled  to  obtain 
pure,  or  nearly  so,  was  very  small,  the  reaction  of  the  acids  on 
the  mineral  being  nearly  the  same  as  on  troilite.  I  am  enabled 
to  separate  them  only  by  varying  the  strength  of  the  acids,  and 
the  length  of  the  time  they  are  in  contact  with  the  minerals. 

Less  than  one  hundred  milligrams  were  obtained  of  suffi- 
cient purity  to  make  out  its  composition,  and  this  amount  fiir- 
nishea  me  36'48  per  cent  of  sulphur;  the  remainder  was 
chrome  with  nearly  ten  per  cent  of  iron,  and  a  little  carbonace- 
ous matter.  This  mineral  when  obtained  pure  and  in  sufficient 
quantity  for  a  thorough  analysis  (which  I  nope  to  make  before 
long),  will,  I  am  satisfied,  prove  to  be  a  protosulphide  of 
chrome.  The  iron  present  being  mixed  with  the  Daubr6elite. 
The  following  therefore  would  express  its  true  composition  : 
SuliAur  37  62,  chrome  62-38. 

This  mineral  is  an  interesting  one,  and  is  found  in  a  very 
strange  place,  yet  from  what  is  revealed  to  us  by  the  spectroscope 
with  regard  to  the  vapors  surrounding  the  sun,  the  element 
chrome  must  be  widely  diffused  in  the  matter  of  the  universe. 


Art.  XIV. — On  some  of  the  changes  in  the  Physical  Properties 
of  Steel,  2Jroduced  by  Tempering  ;  by  A.  S.  KiMBALL,  Prof,  of 
rhysics  in  the  Worcester  Institute  of  Industrial  Science. 

A  FEW  interesting,  and,  to  a  certain  extent,  novel  results 
have  recently  been  developed  in  our  laboratory,  which  I 
venture  to  present  in  their  present  incomplete  form,  since  the 
pressure  of  other  duties  will  postpone,  for  a  few  months,  further 
investigations  in  this  direction.  Up  to  the  present  time  the 
larger  number  of  our  experiments  have  been  made  upon  the 
behavior  of  tempered  bars  under  a  transverse  stress,  although  a 
few  qualitative  trials  have  been  made  upon  changes  in  electric 
conductivity  and  coefficients  of  expansion. 

I.  The  modulus  of  elasticity  decreases  as  the  hardness  of  the  steel 
increases  ;  in  otfio'  words  the  harder  the  bar,  the  greater  the  de- 
flection produced  by  a  given  weight 
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Many  manuals  of  practical  mechanics  give  a  higher  modulus 
for  tempered  than  tor  untempered  steel.  Reuleaux  in  "Der 
Constructeur,"  (page  4,)  states  that  it  may  be  increased  50  per 
cent  by  hardening.  Coulomb  and  Tredgold  state  that  harden- 
ing has  no  influence  whatever,  while  StyflFc  finds  that  the 
modulus  is  diminished.  For  our  first  experiment,  five  pieces 
of  good  tool-steel,  each  13''  long,  were  cut  from  a  half-inch 
sauare  bar.  These  were  carefully  annealed,  squared,  and  pol- 
isned.  No.  1  was  laid  aside  and  the  others  were  hardened 
in  cold  water  in  the  usual  manner ;  No.  2  was  "  drawn  "  on  a 
hot  plate  to  a  dark  blue ;  No.  8  to  a  purple;  No.  4  to  a  straw 
color;  No.  5  was  left  hard.  The  modulus  of  elasticity  was  then 
determined  by  measuring  the  deflection  produced  by  a  weight 
applied  at  the  middle  of  the  bar.  The  probable  error  of  the 
experiments  did  not  exceed  ^  of  one  per  cent  The  experiment 
was  varied  in  many  ways,  several  qualities  of  steel  ana  bars  of 
different  dimensions  were  employed  with  uniform  results.  In 
some  grades  of  steel  a  diflference  of  more  than  10  per  cent  has 
been  found  between  the  modulus  of  the  hardenea  and  that  of 
the  annealed  bar. 

II.  The  increase  of  deflection  in  a  given  time  is  greater^  the  harder 
the  steel 

It  is  well  known  that  the  deflection  of  a  bar  left  under  stress 
will  increase  for  a  long  time.  I  am  not  aware,  however,  that 
comparative  tests  of  the  rate  of  increase  in  steel  of  diflferent 
tempers  have  previously  been  made. 

IIL   The  immediate  set  increases  with  the  hardness  of  the  steel 

In  the  experiments  each  bar  was  of  course  loaded  with  the 
same  weight  which  was  allowed  to  act  for  the  same  number  of 
minutes. 

IV.  A  bar  recovers  from  a  tempoi'ary  set  with  greater  rapidity  the 
harder  it  is. 

The  remarkable  fluctuations  in  the  line  of  the  bar  observed 
by  Prof  Norton,  (this  Journal,  April,  1876,)  became  more 
marked  and  had  a  wider  range  as  the  hardness  of  the  bar  in- 
creased. In  none  of  the  experiments  referred  to  was  a  perma- 
nent set  produced,  though  in  some  cases  48  hours  had  elapsed 
before  the  bar  recovered  its  original  line.  In  a  few  experi- 
ments an  attempt  was  made  to  determine  the  approximate 
hardness  of  the  bara  by  grinding.  The  results  obtained,  how- 
ever, could  not  be  considered  very  reliabla  A  more  satisfac- 
tory method  was  found  in  the  determination  of  the  tempera- 
tures employed  in  hardening  and  drawing,  by  the  specific  heat 
of  platinum,  or  by  the  use  of  the  pyrometer. 

I  am  indebted  to  Mr.  F.  C.  Blake  for  the  accuracy  with 
which  the  experiments  referred  to  in  this  note,  have  been  con- 
ducted. 


112  L.  M.  Ruiherfurd — Measurement  of  Angles. 


Abt.  XV. — A   Glass  Circle  for  the  measurement  of  Angles;  by 

Lewis  M.  Ruthebfurd. 

At  the  summer  meeting  of  the  National  Academy  of  Sciences, 
in  the  vear  1866,  I  described  the  micrometer  which  I  had  con- 
structed  for  the  measurement  of  astronomical  photographs.  It 
was  capable  of  measuring  angles  of  position,  and  also  distances 
in  directions  at  right  angles  to  each  other.  These  last  measure- 
ments were  made  by  aid  of  screws  arranged  after  the  manner  of 
those  of  an  ordinary  slide  rest :  these  screws  were  constructed 
with  great  care  and  I  had  good  reason  to  be  satisfied  with  the 
smallness  of  their  errors. 

At  the  Spring  meeting  of  the  Academy,  for  the  year  1870, 1 
explained  that  I  had  been  obliged  to  give  up  the  idea  of  using 
screws  on  account  of  the  rapid  changes  in  their  errors  caused 
by  friction  and  consequent  wear,  and  I  then  stated  that  I  in- 
tended to  discard  the  screw  and  the  compressed  slide,  and  sub- 
stitute for  them  a  divided  glass  scale,  to  be  read  by  a  microme- 
ter microscope,  and  a  gravity  slide  with  one  V  and  one  flat  slide. 
This  intention  I  riarried  out  during  the  year,  the  new  form  be- 
ing first  used  about  the  month  of  March,  1871.  It  has  been 
constantly  used  since  that  time,  and  continues  to  give  great 
satisfaction.  Tlie  success  of  this  divided  glass  scale  confirmed 
me  in  a  determination  of  long  standing  to  try  the  experiment 
of  substituting  a  glass  circle  for  one  of  metal  in  some  instru- 
ment for  the  measure  of  angles  of  precision. 

Two  years  absence  in  Europe  and  other  occupations  con- 
spired to  postpone  the  execution  of  this  plan  until  the  past 
winter,  during  which  it  has  been  realized  with  what  seems  to 
me  the  most  promising  success.  I  had  in  my  possession  a 
spectrometer  by  Bruner  of  Paris — his  small  model,  similar  to 
tne  one  used  by  Mascart,  and  figured  in  his  paper  on  the  meas- 
ures of  wave  lengths.  This  instrument  has  a  good  steel  center 
and  was  furnished  with  a  circle  divided  on  silver  reading  by 
means  of  the  verniers  to  10".  The  diameter  of  the  circle  is 
small,  not  quite  seven  inches,  and  the  inability  to  read 
smaller  angles  has  always  been  its  weak  point  1  have  sub- 
stituted for  this  metallic  circle,  one  of  glass  about  ten  inches 
in  diameter  divided  by  Mr.  Stackpole  to  ten  minutes  of  arc, 
and  read  by  two  micrometer  microscopes  magnifying  seventy- 
five  times ;  each  revolution  of  the  screws  being  equivalent  to 
one  minute,  the  drums  being  divided  into  sixty  parts,  read 
to  seconds  with  easy  estimate  of  fractions — each  degree  line  is 
numbered  so  as  to  be  visible  in  the  field  of  the  microscopa  I 
was  able  to  furnish  to  Mr.  Stackpole  a  well  tried  diamond 
which  has  made  lines  of  the  greatest  delicacy,  being  much  finer 
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as  seen  in  the  microscopes  than  the  spider  lines,  by  means  of 
which  the  bisections  are  made.  The  advantages  of  this  system 
are  obvious,  viz :  perfection  of  surface  permitting  a  line  of  any 
desired  fineness — facility  of  illumination  permitting  the  exten- 
sion of  the  power  of  the  reading  microscopes  to  several  hun- 
dred times — small ness  of  dimensions  and  consequent  cheapness 
and  avoidance  of  almost  all  the  questions  of  flexure  and  local 
effects  of  temperature. 

I  am  convinced  from  the  ease  with  which  one  second  is 
read  on  my  instrument,  with  microscopes  only  4|  inches 
loner  including  objectives  and  eye-pieces,  that  upon  a  circle 
of  fifteen  inches  provided  with  powerful  microscopes,  greater 
precision  conld  be  attained  in  the  reading  of  angles  than  with 
the  largest  metallic  circles  now  in  use. 

For  the  purpose  of  showing  the  degree  of  precision  attain- 
able, I  add  two  series  of  bisections  of  lines  on  the  circle  made 
by  myself,  and  two  made  by  a  lady,  marked  respectively  R 
and  M. 


R. 

R. 

M. 

M. 

7"-5 

l"-8 

23"-6 

11"- 

7  -4 

1  -8 

23  -6 

11  -2 

7  -7 

1  -9 

23  -3 

11  -8 

7  -4 

1  -8 

23  -8 

11  • 

7  -3 

1  -8 

24  -6 

10  -9 

7  -6 

1  -8 

23  -9 

11  -6 

7  -7 

1  -9 

23  -7 

11  -6 

7  -4 

2  • 

24  • 

11  -6 

7  -6 

2  -3 

23  -9 

11  • 

7  -8 

2  -3 

24  -3 

11  -4 

Mean,  7"-54  l"-89  23"-86  ll"-28 

It  will  be  readily  seen  that  the  probable  error  of  any  single 
reading  in  any  one  of  these  series  is  considerably  less  than  half  a 
second,  while  the  probable  error  of  the  mean  of  any  series  is  a 
much  smaller  fraction. 

New  Tork,  June  1,  1876. 


Abt.  XVL — Finedrich  Wilhelm  Aiigust  Argehnder* 

Fbiedbich  Wilhelm  August  Argelander  was  born  at 
Memel,  in  Ea<^t  Prussia,  on  the  22d  March,  1799.  His  father, 
who  was  of  Finnish  descent,  was  a  merchant  of  that  town,  whilst 
his  mother  belonged  to  a  German  family.  Their  circumstances 
were  such  as  enabled  them  to  give  their  son  a  very  careful 

*  This  notice  is  prindpallj  an  abstract  of  that  by  Prof.  Schonfeld  in  Fierte/- 
jahmchrift  dor  Astranomia^ien  OeaeUackaft^  Jahrgang  x,  part  3,  and  is  here  cited 
from  the  ^*  Monthly  Notices  "  of  the  Astronomical  Sode^. 
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training  and  education.  Political  events  brought  him  into 
very  early  connection  with  historic  names.  After  the  battle  of 
Jena  the  Prussian  royal  family  left  Berlin,  and  took  up  their 
abode  for  some  time  at  Memel.  The  Crown  Prince  (afterwards 
King  Frederick  William  IV.)  resided  at  the  house  of  Argelan- 
der's  father,  and  formed  there  a  strong  and  lasting  friendship 
with  the  future  Professor.  Scarcely  less  intimate  were  his  rela- 
tions with  Prince  William,  the  present  Emperor  of  Germany. 

In  due  course  young  Argelander  was  sent  to  the  gymnasium 
at  Elbing,  and  in  1813  to  the  Collegium  Fredericanum  at  Kdn- 
igsberg,  from  which,  in  April,  1817,  he  proceeded  to  the  Uni- 
versity of  that  town.  Although  from  the  first  a  diligent 
student,  he  did  not  show  any  special  taste  for  the  science  in 
which  he  was  to  become  so  famous  until  he  was  attracted 
thereto  by  the  lectures  of  Bessel.  This  led  him  to  request  the 
latter  to  entrust  him  with  some  calculations  for  the  Observa- 
tory. The  Fundamenta  Asirouomice  had  then  been  just  com- 
pleted; but  Bessel  put  into  his  hands  the  reduction  of  the 
observations  of  67  stars  observed  by  himself  at  Konigsberg, 
and  not  previously  observed  since  Bradley,  and  also  the  deter- 
mination of  the  latitude  of  the  Observatory  from  observations 
of  circumpolar  stars.  The  results  of  these  labors  were  pub- 
lished in  the  5th  part  of  the  Konigsberg  Observ'^ations,  in  wnich 
he  introduced  our  late  Associate  to  the  scientific  world  as  *'one 
of  his  most  distinguished  pupils."  Other  calculations  followed, 
and  it  was  not  long  before  Argelander  took  part  also  in  the 
observations ;  the  first  of  importance  being  that  of  the  occulta- 
tion  of  the  Pleiades  on  the  29th  of  August,  1820.  Soon  after 
that,  on  the  1st  of  October,  he  was  regularly  appointed  as 
Bessel's  assistant  at  the  Observatory — the  oeginningof  a  career 
in  which  be  enriched  astronomy  with  results  such  as  could 
only  be  obtained  by  a  combination  of  uncommon  genius  with 
industrious  zeal. 

His  first  great  labor  was  assisting  Bessel  in  his  survey  of  the 
heavens  by  zone  observations  from  15°  south  to  45®  north 
declination,  in  which  the  whole  of  the  microscope-readings  of 
the  circle  were  made  by  Argelander,  and  there  is  abundant 
evidence  in  Bessel's  writings  how  highly  he  appreciated  the 
care  and  skill  with  which  this  assistance  was  rendered,  as  well 
as  that  in  the  subsequent  reductions.  These  zone  observations 
commenced  in  August,  1821;  earlier  in  that  year  Argelander 
was  engaged  in  observations  of  stars  at  low  altitude  to  be  used 
in  the  formation  of  Bessel's  refraction  tables,  and  also  in  Feb- 
ruary and  March  in  the  observation  of  the  Comet  of  1821. 

On  the  1st  of  April,  1822,  Argelander  took  his  degree  as 
Doctor  of  Philosophy,  after  writing  a  paper,  De  Ohservationibus 
Astronomicis  a  Flamsteedio  instiiutls.     Later  in  the  same  year 
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he  published  his  able  treatise,  Investigations  on  the  Orbit  of  the 
Great  Comet  of  1811,  which  made  his  Dame  known  through 
Europe.  No  other  comet  had  been  observed  so  extensively 
and  over  so  long  an  interval  of  time;  and  after  the  most  skillful 
and  elaborate  treatment  of  the  observations,  Argelander  ob- 
tained an  orbit  of  the  period  of  3,066*6  years  (to  be  reduced  in 
the  next  period  to  2,888  years).  His  investigations  were  not 
without  their  influence  upon  Bessel's  views  on  the  repulsive 
force  of  comets'  tails,  which  were  further  developed  by  him 
afterward  in  his  labors  on  Halley's  Comet  and  in  his  contro- 
versy with  Encke  on  the  resisting  medium  in  space. 

On  the  death  of  Walbeck,  the  position  of  *' Observator "  at 
the  Observatory  at  Abo  became  vacant,  and  application  was 
made  to  Bessel  to  recommend  to  the  authorities  at  St.  Peters- 
burg one  of  his  pupils  to  supply  it  Though  exceedingly 
unwilling  to  lose  him,  Bessel  named  Argelander,  and  on  Apnl 
28,  1823,  the  latter  was  appointed  to  the  vacant  office,  and  he 
left  Konigsberg  in  the  following  month,  being  succeeded  there 
by  Eosenberger.  His  journey  to  Finland  was  also  his  wedding 
trip,  he  having  married  at  Konigsberg,  on  the  2d  of  May,  Marie 
Sophie  Charlotte  Courtan;  and  with  her  he  proceeded,  through 
Dorpat  (where  he  renewed  his  friendship,  commenced  in  No- 
vember, 1820,  with  W.  Struve)  and  St.  Petei-sburg,  to  his  new 
home  in  the  country  of  his  paternal  ancestors. 

The  Observatory  at  Abo  was  then  newly  built  and  indeed 
not  in  all  paits  quite  completed.  Its  equipments  consisted, 
besides  smaller  instruments  and  clocks,  of  a  2-foot  repetition- 
circle,  a  Fraunhofer's  heliometer,  and  especially  of  a  very  good 
8-foot  transit  instrument  bv  the  same  artist.  A  meridian- 
circle  by  Ertel  was  provided  in  1825  and  was  not  ready  for  use 
until  the  spring  of  1827.  Before  that  time,  therefore,  the 
observations  principally  consisted  of  comets,  and  casual  phe- 
nomena of  dinerent  kinds.  When  in  possession  of  the  merid- 
ian-circle, Argelander  undertook  a  more  extended  course  of 
observations ;  and  paid  special  attention  in  particular  to  the 
stars  which  were  known  or  suspected  to  have  a  large  proper 
motion. 

In  the  year  1828  and  1829  Argelander  completed  Hour 
XXII  of  the  Berlin  Academy  Star-charts,  which  he  had  under- 
taken. It  is  one  of  the  best  of  the  series,  and  the  accompanying 
catalogue  forms  one  of  the  earliest  examples  of  the  accurate 
critical  treatment  of  Bessel's  and  Lalande's  zone  observations. 
In  the  meantime  great  changes  had  occurred  at  Abo.  On  the 
4th  of  September,  1827  a  fire  broke  out  which  laid  the  greatest 

()art  of  the  town  in  ashes,  and  destroyed  all  the  buildings, 
ibrary,  &c.  of  the  University.     Although  the  Obsei*vatory  was 
protected  by  its  isolated  position,  and  lost  nothing  but  a  large 
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number  of  its  impressions  of  printed  observations,  yet  it  was 
ultimately  resolved  to  remove  it  as  well  as  the  University  to 
the  new  capital  at  Helsingfors.  Argelander  was  named  Pro- 
fessor of  Astronomy  at  the  newly  founded  University  there, 
and  a  new  Observatory  was  ordered  to  be  erei^ted  by  the  archi- 
tect Engel,  who  had  already  built  that  at  Abo.  The  plan  was 
approved  in  1880 ;  but  difficulties  were  found  in  laying  the 
foundation  on  account  of  the  nature  of  the  soil.  Finlana  was 
also  visited  about  this  time  by  the  cholera,  which  travelled 
over  Europe ;  and  Argelander  took  an  opportunity,  after 
leaving  Abo,  of  revisiting  his  old  home  in  Prussia,  and[  renew- 
ing his  personal  intercourse  with  Bessel.  In  August,  1882  he 
took  up  his  abode  at  Helsingfors,  though  the  building  of  the 
Observatorv  was  not  yet  finished.  Observations  commenced 
there  in  tlie  following  year;  and  in  November,  1884  the 
meridian-circle  was  ready  for  use,  the  new  observatory  being 
also  provided  with  a  Munich  refracter  of  9  ft.  focal  length  and 
6i-in.  aperture,  observations  with  which  commenced  in  Sep- 
tember, 1S8d. 

Argelander  devoted  himself  principally  to  an  extensive  series 
of  observations  of  the  brighter  circumpolar  stars,  and  to  an 
accurate  investigation  of  his  circle,  especially  of  its  flexure,  by 
observation  of  stars  and  their  reflected  images.  It  was  whilst 
at  Helsingfors  that  he  printed  the  Abo  observations  and  cata- 
logue, as  well  as  his  well-known  treatise  on  the  motion  of  the 
solar  system  deduced  from  his  own  observations  of  890  stars, 
with  results  nearly  similar  to  that  formerly  obtained  by  Sir 
William  HerscheL 

His  stay  at  Helsingfors  was  not  of  long  duration.  The 
Prussian  Government  had  resolved  in  1886  to  establish  an 
astronomical  institution  at  Bonn,  on  the  Rhine.  In  August  of 
that  year  the  Directorship  of  the  Observatory  was  ofiered  to 
Argelander ;  and  early  in  1887  he  took  up  his  residence  in 
Bonn,  and  energetically  commenced  the  ordering  of  the  instru- 
ments and  the  preparations  for  the  building  of  the  Observatory. 
As  a  temporary  locale  in  the  meantime  for  observations,  he 
selected  a  bastion  of  an  ancient  fortress  close  to  the  Rhine, 
where  he  carried  on  for  some  years  his  astronomical  work  with 
such  menns  as  he  had — latitude  determinations,  comet  obser- 
vations, &Q.  He  also  made  excellent  use  of  his  involuntary 
leisure  in  the  formation  of  his  **  New  Uranometrv,"  or  deter- 
mination  of  the  relative  apparent  magnitudes  of  all  the  stars 
visible  to  the  naked  eye  in  Central  Europe  by  direct  compar- 
ison in  the  sky,  as  well  as  in  the  connectea  subject  of  the 
changes  of  magnitude  of  the  variable  stars.  To  the  latter  he 
continued  to  give  a  great  deal  of  attention  afterwards,  especially 
in  regard  to  those  interesting  stars,  Algol  and  S.  Oancri. 
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Impatient  at  the  slow  progress  of  the  Observatory  (as  he 
consiaered  it)  Argelander  had  a  small  temporary  building 
erected,  in  which  he  could  use  (close  to  his  Rhenish  bastion)  a 
5-foot  transit  instrument  by  Ertel,  of  4  inches  apertura  Hav- 
ing provid^  this  with  a  sector  to  determine  diflferences  of 
declination,  he  commenced  extending  Bessel's  zone  observations 
further  to  the  north,  from  45°  to  80°  declination.  Thus  he 
made  26,424  observations  of  very  nearly  22,000  stars;  which, 
begun  in  May,  1841,  were  essentially  completed,  with  the  aid  of 
an  assistant,  in  June,  1848,  some  gaps  being  filled  up  in  the 
subsequent  spring. 

At  last,  in  the  year  1845,  the  new  Observatory  was  in  a 
position  to  be  used.  Its  principal  instruments  were  a  8-foot 
meridian-circle  by  Pistor,  with  telescope  of  6-foot  focal  length, 
and  a  heliometer  by  Merz.  For  some  years  cometary  observa- 
tions (a  large  number  of  which  bodies  appeared  about  that 
time)  and  observations  of  the  small  planets — the  long  series  of 
discoveries  of  which  had  then  just  commenced — occupied  much 
of  the  time  of  the  establishment  But  in  1849  Argelander 
began  a  new  series  of  zone  observations  of  stai*s,  this  time 

Sping  south  from  BesseVs  limit,  or  from  15°  to  31°  south 
eclination.  Thus,  by  May,  1852  he  had  made,  in  200  zones, 
23,250  observations  of  more  than  17,000  stara  Every  precau- 
tion was  taken  by  comparison  and  by  observation  of  Known 
stars  to  secure  the  greatest  accuracy  possible  for  the  results. 

But  even  before  the  completion  of  these  southern  zones, 
Argelander  had  formed  a  plan  for  a  much  greater  work  to 
extend  the  knowledge  of  the  starry  heavens.  Bessel  had  before 
conceived  the  idea  of  determining  the  places  of  all  stars  down 
to  the  ninth  magnitude,  but  had  abandoned  it  for  the  scheme 
of  the  Berlin  Academy  Star-Charts,  which,  however,  afler  the 
lapse  of  a  quarter  of  a  century,  were  unfinished,  and,  more- 
over, thev  embraced  only  a  limited  zone. 

Early  in  1852,  therefore,  Argelander  resolved  to  commence 
that  great  Durchmusterung,  or  survey  of  all  the  stars  of  the 
northern  hemisphere  down  to  the  ninth  magnitude,  and  in- 
cluding a  large  number  somewhat  fainter  than  that,  with  which 
his  name  will  be  for  ever  associated.  The  whole  number  of 
stars  recorded  in  these  zones,  between  the  north  pole  and  2° 
south  declination,  amounting  to  324,198,  and  this  gigantic 
labor,  including  the  laying  down  of  the  charts  and  publication 
both  of  them  and  of  the  catalogues  occupied  Argelander  and 
his  assistants  until  the  year  1868.  They  are  too  well  known 
to  astronomers  to  make  any  discussion  of  them  necessary  hera 
In  the  seventh  volume  of  the  Bonn  Observations,  published 
in  1869,  are  some  interesting  investigations  into  the  proper 
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motions  of  250  stars,  which  Argelander  was  led  into  by  com- 
parison of  observations. 

He  always  kept  in  view  the  desirability  of  obtaining  accurate 
meridional  observations  of  all  stars  down  to  the  ninth  magni- 
tude, whose  approximate  positions  are  contained  in  the  Durch- 
musterung.  It  was  necessary,  if  this  could  be  done,  that  the 
labor  should  be  shared  by  diflerent  Observatories,  and  be 
prosecuted  on  a  uniform  system.  Thus  would  a  basis  be 
afforded  for  a  much  larger  number  of  accurate  determinations 
and  observations  of  every  kind.  In  the  year  1867  Argelander 
laid  his  plan  before  the  German  Astronomical  Society,  which 
was  afterwards  adopted,  with  trifling  modificationsL  Tne  Bonn 
Observatory  was  to  undertake  one  zone  of  10°  in  breadth  of 
declination ;  but  Argelander,  now  approaching  his  seventieth 
year,  entrusted  the  cletails  of  the  execution  to  his  assistants, 
engaging  himself  in  labors  of  smaller  compass,  such  as  investi- 
gations of  stellar  proper  motion. 

Argelander  always  took  a  lively  interest  in  the  progress  of 
science  generally,  and  also  in  the  affairs  of  the  University  of 
Bonn,  of  which  he  was  twice  elected  Rector.  Many  of  the 
scientific  societies  of  Europe  and  America  made  him  one  of 
their  corresponding  or  honorary  members,  and  he  was  chosen 
an  Associate  of  our  own  on  the  14th  of  January,  1831,  being 
also  our  medallist  in  the  year  1863. 

Until  the  summer  of  1874  he  had  always  enjoyed  excellent 
health  ;  but  in  August  of  that  year  he  was  attacked  by  a  fever 
of  the  typhus  kind,  which  visited  the  neighborhood  about  that 
time,  in  the  autumn  he  rallied,  and  was  able  to  resume  some 
of  his  labors.  But  the  appearance  of  recovery  was  delusive ; 
his  strength  failed  more  and  more,  and,  retaining  his  interest 
in  science  almost  to  the  last,  a  tranquil  death  early  in  the 
morning  of  February  17,  1875,  terminated  a  life  which  had 
been  so  useful  to  astronomy.  His  wife  (with  whom  he  had 
been  affectionately  united  for  nearly  fifty-two  years),  two  sons, 
and  one  daughter,  married  to  Professor  Kruger,  survive  hintL 

W.   T.   L. 


Art.  XVII. — On  Dinitroparadtbromhemols  and  their  Derivatives  ; 
by  Peter  Townsend  Austen.    First  Paper. 

Two  kilograms  of  pure  crystallized  solid  (para)  dibrom- 
benzol  were  divided  into  poi-tions  of  250  ^rams,  and  each  por- 
tion added  to  a  mixture  of  800  grams  of  fuming  nitric  acid 
and  an  equal  volume  of  concentrated  sulphuric  acid,  and  then 
heated  on  a  sand  bath,  when  a  violent  action  set  in,  durinff 
which  it  was  found  advisable  to  remove  the  burners.     A  red- 
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dish  yellow  oil  settled  in  the  bottom  of  the  flask.  After  boil- 
ing three  hours  the  mixture  was  allowed  to  cool,  and  then 
poured  in  a  thin  stream  into  a  large  excess  of  cold  water. 
The  oil  sank  to  the  bottom  and  gradually  solidified,  an  opera- 
tion which  may  be  greatly  accelerated  by  vigorous  stirring  with 
a  glass  rod.  The  nitrired  product  from  500  grams  of  the  di- 
brombenzol  after  the  washmg  out  the  acid  with  water,  was  dis- 
solved in  about  a  kilogram  of  glacial  acetic  acid,  filtered,  and 
allowed  to  stand  about  seventy  hours.  A  copious  separation  of 
the  first  (a)  dinitroparadibrombenzol,  containing  a  considerable 
amount  of  the  second  (yft)  isomere  and  but  a  small  amount  of  the 
third  (x),  took  place.  By  repeated  crystallization,  first  from 
carbon  disulphiae  and  then  from  glacial  acetic  acid,  it  was  ob- 
tained perfectly  pure.  The  acetic  acid  filtrate  from  the  first 
separation  contained  the  fi-  and  ^-isomeres  and  some  of  the  a. 
The  solution  was  treated  with  a  large  excess  of  water,  and  the 
substances  in  solution  were  thus  precipitated  in  the  form  of  a 
yellow  oil,  which  was  then  separated  from  the  water  by  means 
of  a  stop-cock-funnel,  heated  on  a  water-bath  until  it  was  en- 
tirely dry,  dissolved  in  about  1^  kilos,  of  carbon  disulphide, 
and  allowed  to  stand  By  standing,  a  small  separation  of 
impure  a-isomere  generally  occurs.  The  carbon  disulphide  was 
then  distilled  off  m  portions  of  200  c.  c,  and  the  respective 
crystallizations,  which  consisted  of  the  /^-isomere  contaming  a 
good  deal  of  the  a-isomere  and  traces  of  the  y,  collected. 
When  no  more  separated  the  thick  oil  was  heated  on  a  water- 
bath  until  the  carbon  disulphide  was  entirely  volatilized,  after 
which  it  was  exposed  to  a  temperature  of  5^  for  three  days, 
when  it  became  solid.  The  mass  was  carefully  rubbed  in  a 
mortar  with  ether,  at  the  same  temperature,  and  this  ethereal 
extract  (consisting  of  much  y  and  little  p)  separated  by  a  filter- 
pump.  The  ether  was  then  evaporated,  the  oil  again  exposed 
to  the  same  temperature,  and  the  operation  repeated  until  the 
substance  dissolved  in  the  ether  without  leaving  a  residue. 
The  oil  was  then  exposed  to  a  temperature  of  about  —8°  to  —10°, 
for  nearly  two  weeks,  during  which  small  amounts  of  the 
P'isomeres  crystallized  out  and  were  separated  by  filtering  the 
oil  directly  with  the  filter-pump.  Finally  no  more  separated 
from  the  oil,  which  then  appeared  to  contain  only  an  exceed-  • 
ingly  small  amount  of  the  >^-isomere. 

A  Iphadin  itroparadibrombenzoL 

The  alphadinitroparadibrombenzol  containing  traces  of  the 
/^-isomere  crystallizes  from  glacial  acetic  acid  in  beautiful  stri- 
ated transparent  needles,  ouen  attaining  a  length  of  25  cm. 
and  a  diameter  of  8  mm.  When  perfectly  pure,  however,  it 
crystallizes  ftom  the  same  solvent^  in  short,  compact,  white. 
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glittering  needles,  or  small  prisms.  From  carbon  disulphide  it 
separates  in  the  form  of  small,  hard,  white  crystals.  The  com- 
pound is  insoluble  in  water,  easily  soluble  in  boiling  absolute 
alcohol  and  glacial  acetic  acid,  as  well  as  in  benzol,  and  acetic 
ether.  It  is  slightly  volatile  in  steam.  Fuses  at  159**  to  a 
transparent  slightly  yellow  liquid. 

0-8084  grm.  substance  gave  0*0190  H«0  and  0-2462  C0«. 
0-1749  grm.  substance  after  the  method  of  Carius  gave  0-1998 
AgBr  and  0*0027  Ag. 

Calculated  for  C«H«(N0*)«Br».  Found. 

L  IL 

C  =22-08  22-04      

H  z=  0-61  0-69      

Br  =49-08  ...       49-74 

Niiroparadibromaniline. 

In  a  preliminary  notice*  I  mentioned  that  a  dinitroparadi- 
brombenzol  by  treatment  with  ammonia  formed  a  dinitrobrom- 
aniline,  which  under  the  influence  of  amylnitrite  gave  a  dinitro- 
monobrombenzol.  By  repetition  of  the  experiments,  however, 
with  much  larger  amounts  and  perfectly  pure  substances,  T  find 
that  the  reaction  is  diflferent 

By  treating  the  a-dinitroparadibrombenzol  with  strong  alco- 
holic ammonia  the  crystals  take  on  a  light  straw  yellow  color. 
By  heating  in  a  closed  tube  at  100^  for  three  hours  the  reaction 
is  completed.  The  red  solution  obtained  was  precipitated  with 
water  and  the  resulting  yellow  precipitate  crystallized  from 
dilute  alcohol.  The  filtrate  from  the  precipitate  produced  by 
water  gave  no  trace  of  bromine  with  silver  nitrate,  but  starch 
and  potassium  iodide  proved  the  presence  of  a  considerable 
amount  of  nitrous  acid. 

By  repeated  crystallizations  from  alcohol  the  substance  was 
obtained  pure.  It  forms  orange,  yellow,  and  red  needles,  which 
fuse  at  75*^,  and  are  quite  volatile  with  steam.  It  is  very  solu- 
ble in  most  solvents,  with  the  exception  of  water  in  which  it 
dissolves  with  difficulty. 

0*28  grm.  substance,  third  crystallization,  gave  0-0426H'O  and 

0-2636  C0». 

0*2092  grm.  substance,  fifth  crystallization,  gave,  after  the 
method  of  Carius,  0*2644  grm.  AgBr  and  0*0008  Ag. 

Cakjulated  for  C«H«Br»(N0«) .  NH«.  Found. 

I.  a 

C  =24-32  24-69      

H    =   1-01  1-66      

Br  =64  06  54-06 

*  Ber.  d.  d.  ohem.  Qes.,  yiii,  1183. 
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Amyl  nitrite  acts  at  ordinary  temperatures  on  the  nitropara- 
dibromaniline  and  forms,  not  as  I  formerly  supposed,  a  dinitro- 
monobrombenzol,  but  the  ordinary  raononitroparadibrombenzol. 
All  the  properties  of  the  nitrodibrombenzol  (fusing  point  84*^) 
obtained  in  this  manner  agreed  perfectly  with  those  of  the  well- 
known  mononitroparadibrombenzoL 

This,  as  far  as  I  know,  is  the  first  case  in  which  the  nitroxyl 
of  a  nitro-haloid-benzol  is  substituted  by  the  amido-group  in 
preference  to  the  haloid  atom.  In  the  first  series  there  is 
amon^  others  the  well-known  formation  of  guanidine  from 
nitrochloroform  by  action  of  ammonia,  efiecled  by  Hofmann.* 

It  seemed  extremely  improbable  that  aniline  could  act  in  a 
satisfactory  manner  on  the  alphadinitroparadibrombenzol,  since 
the  disengaged  nitro-group  would,  without  doubt,  exert  a  de- 
composing influence  on  the  aniline  itself  as  well  as  on  the  new 
compound  formed.  The  dinitrodibrombenzol  was  treated  with 
an  excess  of  aniline,  and  the  mixture  boiled.  A  strong  reac- 
tion, attended  with  a  characteristic  deep  red  color,  occurred. 
Chlorhydric  acid  precipitated  an  oil,  and,  by  stirring,  brown 
flocks  were  obtained.  The  product  was  soluble  in  alcohol  with 
a  deep  red  color,  but  separated  from  the  solution  as  a  slimy 
mass  from  which  no  product  susceptible  of  analysis  could  be 
obtained. 

By  the  action  of  natriumhydrate  solution  on  the  alphadi- 
nitroparadibrombenzol, I  have  obtained  a  substance  forming  red 
salts,  which  I  take  to  be  a  nitrobromphenol,  and  concerning 
which  I  shall,  at  the  earliest  opportunity,  give  full  particulars. 

Royal  Laboratory  of  Berlin,  April  16th,  1876.' 


Art.  XVIIL — On  a  New  Formation  of  Dinitroanillne^  and 
some  Reactions  of  Dinitrohrombemol ;  by  Peter  Townsend 
Austen. 

Engaged  in  an  extensive  research  concerning  the  stability  of 
the  bromine  atom  in  dinitromonobrombenzol,  I  was  led  to 
treat  that  compound  with  potassium  cyanate  In  the  hope  of 
obtaining  a  dinitrophenylcyanic  ester,  according  to  the  reaction, 

C«H3(N0»)aBr+KNC0=C«H3(N0»)2NC0+KBr. 

Dinitrobrombenzol  was  mixed  with  about  one  and  a  half 
times  its  volume  of  potassium  cyanate,  and  the  mixture  heated 
to  100^  in  a  closea  tube  with  very  dilute  alcohol  for  eight 
hours;  on  cooling,  the  tube  became  filled  with  a  mass  of  bright 
yellow  leaflets,  and  on  opening  gave  ofiF  carbonic  acid.     The 

^  Ann.  Chem.  Pharm.,  rrm\-r^  io7. 
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dubstance,  after  crystallization  from  boiling  water,  fused  at 
175^-176°,  and  on  analysis*  proved  to  be  the  ordinary  dinitro- 
anilina 

The  reaction  by  which  dinitroaniline  is  formed  admits  of 
various  explanationsL  Wohler  has  shown  that  potassium 
cyanate  by  repeated  distillation  with  water,  splits  according  to 
the  formula — 

2KNCO+4H«0=CO«(NH*)«+CO»Ka. 

Hence  we  mav  suppose  the  formation  of  the  dinitroaniline 
to  be  due  simply  to  tne  action  of  the  dinitrobrom benzol  on  the 
ammoaium  carbonate, 

CO»(NEl*)«-|-2C«H>(N02)aBr=:2C«H»(NO«)«NH«+CO«  + 

H20+2HBr. 

The  bromhydric  acid  thus  formed  acts  on  the  potassium 
carbonate,  so  that  the  whole  reaction  is— 

2CONK+2C«H3(NO«)»Br-h4H«0=2C«H8(NO«)»NH«+ 

2CO«+.2KBr+2H«0. 

We  can,  however,  suppose  the  action  to  take  place  directly 
without  admitting  the  previous  formation  of  ammonium  car- 
bonate— 

C«H3(NO«)2Br+KNCO+H20=C«H8(NO»)aNHa+KBr+ 

Nor  is  there  anything  very  improbable  in  the  supposition  that 
ammonium  carbonate  is  not  formed  previously,  as  there  are  so 
many  cases  in  which  a  substance  withdraws  from  another  ele- 
ments not  previously  directly  united  with  each  other,  but  with 
which  it  can  form  a  compound  (predisposing  affinity). 

It  is,  however,  also  not  impossible  that  the  formation  of  the 
dinitroaniline  may  depend  upon  the  production  and  subsequent 
decomposition  of  a  dmitropnenylcyanic  ester  according  to  the 
reaction  discovered  by  Wurtz, 


C8IP(N02)«N 

H« 


CO 
O 


but  this  appears  to  me  doubtful,  since  the  dinitrobrombenzol  is 
not  freely  soluble  in  the  very  dilute  alcohol  used.  Hence  the 
potassium  cyanate  is  exposed  principally  to  the  action  of  the 
water,  and  much  less  to  the  action  of  the  dinitrobrombenzol ; 
therefore,  although  a  partial  formation  of  the  ester  might  take 
place,  the  chief  part  of  the  potassium  cyanate  would  be  decom- 
posed at  the  same  time  by  the  action  of  the  water,  so  that  if 
the  ester  were  formed,  it  could  only  be  in  small  quantities. 

*  Calculated.  Found. 

0  =39-34  39-35 

H=  2-72  301 
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Mononitrobrombenzol  and  Potassium  Oyanate. 

The  substances,  heated  in  a  sealed  tube  to  100*'  with  dilute 
alcohol  for  eight  hours,  gave  no  mononitroaniline,  as  was  to  be 
expected,  since  mononitrobrombenzol  is  not  acted  on  by 
ammonia  itself  under  160°.  The  cyanate,  however,  was  com- 
pletel}*^  converted  into  the  corresponding  carbonates. 

Trinitrochhrhenzol  and  Potassium  Cyanate, 

By  boiling  a  concentrated  solution  of  potassium  cyanate  with 
trinitrochlorbenzol,  I  obtained,  with  strong  evolution  of  am- 
monia, a  red  oil  which  solidified  on  cooling,  and  contained  con- 
siderable unchanged  trinitrochlorbenzol.  The  filtrate  contained 
chlorine  (showing  that  a  reaction  had  taken  place),  and  some 

ficric  acid,  while  chlorhydric  acid  precipitated  a  green  powder, 
have  not  as  yet  had  time  to  examine  either  of  these  suDstances 
farther  than  to  establish  the  absence  of  trinitroaniline.  By 
heating  for  five  hours  at  lOO*'  no  picramide  was  obtained. 

Dinitrohromhenzol  and  Water. 

Gottlieb*  has  stated  that  trinitrochlorbenzol  was  decomposed 
in  the  cold  by  water.  It  was  afterwards  found  by  Clemmf 
that  this  was  not  the  case,  trinitrochlorbenzol  not  being  acted 
on  by  water  even  when  boiling.  Later,  however,  Engelhardt 
and  Latschinoffl  found  it  was  acted  on  by  boiling  water. 

With  dinitrobrombenzol  I  found  no  action  on  boiling  with 
water.  The  substance  was  then  heated  with  water  in  closed 
tubes  successively  at  100*^,  150°,  and  200°,  for  eight  hours,  in 
all  these  tubes  there  was  no  pressure  or  formation  of  bromhydric 
acid.  At  220°  a  minute  trace  of  bromhydric  acid  had  formed, 
and  the  liauid  was  perceptibly  reddened  on  addition  of  sodium 
hydrate  solution.  After  heating  at  this  temperature  the  sub- 
stance remained  liquid  for  several  days,  although  when  it  had 
solidified,  it  was  found  to  have  lost  none  of  its  characteristic 
properties. 

Dinitrobrombenzol  and  Potassium  Nitrite. 

It  appeared  not  impossible  from  the  ease  with  which  the 
bromine  atom  in  dinitrobrombenzol  can  be  substituted  (although 
this  is  chiefly  the  case  in  substitution  by  a  positive  radical), 
that  by  action  of  potassium  nitrite  a  trinitrooenzol  might  hie 
formea.  The  substances  were  heated  in  a  closed  tube  six 
hours  with  dilute  alcohol  at  100°.  The  tube  on  cooling  con- 
tained massive  red  needles  of  potassium  dinitrophenylate. 
Much  aldehyde  had  also  formed.  The  reaction  had  probably 
been — 

*  Ann.  Chem.  Phann.,  xcii,  326.  f  Joum.  fr.  pr.  Chem.,  [2],  i,  146. 

X  Zeit.  OheoL,  1870,  236. 
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C«H3(NO»)2Br+2KNO«=:C«H8(NO»)20K+KBr+  (N»0»  ?) 

The  resulting  nitrogen  oxide,  or  oxides,  had  acted  on  the 
alcohol  and  produced  aldehyde.  Sealed  under  the  same  condi- 
tions with  99  per  cent  alcohol,  there  was  but  an  exceedingly 
slight  reaction,  only  traces  of  the  phenol  having  been  formed, 
which  doubtless  owed  their  origin  to  the  small  amount  of  water 

f resent     The  same  results  were  obtained  with  sodium  nitrite, 
shall  describe  the  application  of  this  method  of  phenol  forma- 
tion to  other  compounds  at  another  opportunity. 

Dmitrobrombemol,  Benzol^  and  Zinc, 

Since  benzylchloride  treated  with  benzol  and  zinc  dust  gives 
a  benzylbenzol,  it  seemed  not  improbable  that  dinitrobromben- 
zol  might  give  a  dinitrodiphenyl,  owing  to  the  weakened 
attraction  of  the  bromine  atom  from  the  presence  of  the  nitro- 
group,  although  in  this  case  the  bromine  atom  is  attached 
directly  to  the  benzol  skeleton,  and  not  indirectly,  as  in  the 
benzylchloride. 

Dinitrobrombenzol,  benzol,  and  zinc  dust  were  heated  twelve 
hours  in  a  closed  tube  at  100°,  and  then  again  at  160°.  In 
both  cases  there  was  no  action.  Toluol  instead  of  benzol  also 
^pmained  unchanged.  Perhaps  nitro  toluol,  in  which  the 
hydrogen  atcto  of  the  methyl-group  may  be  weakened  by  the 
introduction  of  the  nitro-group  in  the  benzol  kernel,  may  give 
better  results. 

Dinitrobrombenzol  and  Sodium  Acetate, 

Wishing  to  ascertain  if  a  dinitrophenyl  acetic  ester  could  be 
obtained  according  the  reaction 

C«H3(N02)2Br,+CH'COONa=CH»COOC«H3(NOa)a-|-NaBr, 

I  heated  the  substances  with  alcohol  for  six  hours  in  a  closed 
tube  at  100°.  There  was  no  pressure  on  opening  the  tube,  but 
a  strong  smell  of  acetic  ether.  The  tube  contained  orange-red 
crystals  of  sodium  dinitrophenylate,  and  in  the  solution  there 
was  considerable  sodium  bromide.  The  reaction  had  probably 
gone. 

I.  C«H3(N02)2 


^^'  NaBr. 


bN3.COON^I  -  j  CH3.C00H. 


III.  CH3.COO|Hi  «  S  CH3.C00C»H* 

c»h*iohI  ^  ^''^- 
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So  that  the  whole  reaction  would  be — 

C«H3(NO«)«Br+2CH«.COONa4-2C2HftOH=:C«H3(NOa)»ONa 

+NaBr+H20  +  2CH»COOC2H\ 

The  next  time,  to  avoid  the  formation  of  acetic  ether,  the 
substances  were  heated  with  glacial  acetic  acid  at  160°.  The 
whole  product  was  sodium  dinitrophenylate.     Hence  probably, 

0«H^(NO«)»|Br.         f  C«H3(N0«)^0Na 
CHa.COOJNa  =  J  (C«H30)aO 
CH^.COlONa         (  NaBr, 

although  at  the  time  I  neglected  to  prove  the  formation  of  the 
acetic  anhydrida  The  substances  heated,  under  the  same 
conditions  with  acetic  anhydride,  remained  entirely  unchanged. 
We  see  hence  that  although  the  stability  of  the  bromine 
atom  is  greatly  weakened  by  the  introduction  of  nitro-groups, 
this  weakening  is  to  a  great  extent  only  in  relation  to  positive 
radicals.  Thus  dinitrobrombenzol  reacts  easily  with  ammonia, 
but  with  potassium  nitrite  or  sodium  acetate  there  is  no  analo- 
gous reaction.  By  inversion  it  naturally  follows  that  in  aniline 
the  amido-group  must  be  rendered  much  more  stable  by  the 
introduction  of  nitro-groups.  This  is  shown  to  be  so  by  the 
fact  that  while  aniline  is  most  violently  acted  on  by  amylnitrite, 
trinitroaniline  remains,  under  the  same  treatment,  utterly  un- 
aflfected. 


Art.  XIX. — On  Southern  New  England  durwg  the  melting  of 
the  Great  Glacier;*  by  James  D.  Dana. 

Appendix  :  On  the  discharge  of  the  flooded  Mill  JRiver  into  the 
Quinnipiac^  and  the  effects  as  registered  in  the  drift  deposits  of 
Uic  New  Haven  plain. 

In  my  memoir  on  "  Southern  New  England  during  the  melt- 
ing of  the  great  Glacier,"  I  reached  the  conclusionf  that,  during 
the  Champlain  period,  or  that  which  opened  with  the  melting 
of  the  ice,  the  southern  coast  of  New  England,  along  Long 
Island  Sound,  was  submerged  below  its  present  level  not  more 
than  fifteen  feet,  and  perhaps  less  than  ten.  It  was  an- 
nounced,:^  as  a  consequence  of  this  fact,  that  the  high  terraces 
of  stratified  drift  about  the  heads  of  the  estuaries  and  along 
the  river  valleys  could  not  have  been  made  by  salt  water,  and 
must  have  been  due  to  the  freshwaters   of  the    enormously 

*  The  fonner  parts  of  this  memoir  are  coDtained  in  this  Jotumal,  m,  z,  168, 
280,  353,  409,  497,  and  zi,  118. 

f  Ibid..  X,  434.  %  Ibid.,  z,  435. 
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flooded  streams ;  and  that  all  the  drift-deposits  of  the  New 
Haven  region,  now  thirty  to  fifty  feet  above  mean  tide,  were 
included  in  the  freshwater  formations — the  saltwater  beds  be- 
ing confined  to  the  coast 

The  New  Haven  deposits  had  been  described*  as  having,  to 
a  great  extent,  a  cross-laminated  structure,  with  the  oblique 
lamination  dipping  for  the  most  part  seaward ;  and  hence  it  was 
evident — contrary  to  what  I  haa  once  supposed — that  this  dip 
corresponded  in  direction  with  the  flow,  both  being  seaward. 
My  former  conclusion  on  this  point  was  based  on  the  view 
that  the  New  Haven  estuary  beds  were  marine  in  origin ; 
and  this  appeared  to  be  sustained  by  the  factf  that  in  the 
stratified  dnft  beds  at  the  mouth  of  the  Quinnipiac  Valley 
(or  where  the  valley  expands  into  the  New  Haven  plain,  west 
of  C  on  the  map,  p.  415  of  vol.  x),  the  upper  stratum,  twenty 
feet  thick,  had  the  cross-lamination  dipping  landward,  and  the 
underlying  stratum  seaward ;  for  the  change  of  current  indi- 
cated by  this  local  change  of  dip  seemed  to  be  accounted  for  by 
supposing  the  lower  stratum  to  have  been  made  by  the  incom- 
ing tide,  and  the  upper  by  the  outflowing  stream  when  the 
flood  was  at  its  heignt  I  closed  my  memoir  by  rejecting  this 
explanation  of  the  change  of  current,  but  without  offering  any 
other  in  its  place. 

My  obje«^.t  at  this  time  is  to  give  another  explanation  ;  and 
to  show  that  while  the  Quinnipiac  waters  deposited  the  lower 
stratum,  the  upper  was  formed  by  a  discharge  of  Mill  River 
into  the  Quinnipiac  over  the  place  where  the  unlike  strata 
occur. 

As  has  been  explained  (and  is  illustrated  on  the  map,  page 
415  of  volume  x).  Mill  River  and  the  Quinnipiac  are  parallel 
streams,  joining  their  waters  at  the  head  of  New  Haven  Bay. 
For  the  last  nine  miles  of  their  courses  they  are  less  than  three 
miles  apart ;  and  the  low  dividing  ridge  (Quinnipiac  Ridge  of 
the  map)  terminates  near  New  Haven  in  the  short  trap  and 
sandstone  ridge  called  East  Rock  (E,  on  the  map).  Below  this 
termination  no  barrier  intervenes  excepting  a  plain  of  drift 
deposits,  and  here  is  the  place  where  the  upper  stratum  of 
twenty  feet  has  the  reversed  cross-bedding.  Now  if  it  can  be 
shown  that  Mill  River  was  throughout  its  course  a  violent 
cataract,  flowing  at  a  level  far  above  that  of  the  Quinnipiac, 
while  the  Quinnipiac  for  the  last  six  miles  had  almost  no  de- 
scent, and  was  in  this  part  more  like  a  lake  or  basin  than  a 
river,  it  will  be  plain  that  Mill  River,  on  clearing  the  south 
extrenaity  of  the  East  Rock  ridge,  would  have  rushed  around 
the  point,  toward  the  Quinnipiac. 

The  facts  sustaining  this  view   have  already  been  stated  in 

♦  Ibid.,  X,  191.  t  I^id.,  x,  173. 
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my  former  papers.*  At  North  Haven,  or  six  miles  north  of 
New  Haven,  the  Quinnipiac  Eiver  is  now  on  a  level  with  the 
ocean,  while  Mill  River  in  the  same  latitude  is  sixty  feet 
above  it  The  valley-terrace  of  stratified  drift  is,  in  each  valley, 
about  forty -five  feet  in  height  above  the  stream.  Consequently, 
in  the  Champlain  period  the  descent,  from  that  point  to  Long 
Island  Souna,  of  Mill  River  was  105  feet,  and  of  the  Quinni- 
piac, only  forty-five  feet  Moreover,  the  Quinnipiac  terrace  has 
nearly  the  same  height  at  North  Haven  and  five  miles  south  ; 
so  that  the  waters  over  this  broad  area  during  the  Champlain 
flood  were  nearly  those  of  a  great  basin.  But,  abreast  of  this 
long  Quinnipiac  basin,  the  Mill  River  torrent  was  dashing  on 
with  a  pitch  of  ten  feet  a  mile.  And  it  continued  this  rapid 
plunging  course  along  its  shallow  valley  until  it  had  passed 
East  Rock,  where  the  valley  terrace  is  seven  feet  higher  than 
that  of  the  Quinnipiac  adjoining.  It  is  therefore  manifest  that, 
on  reaching  the  southern  extremity  of  the  ridge  separating  the 
two  valleys,  it  would  have  made  a  quick  turn  around  the  pro- 
montory and  plunged  into  the  Quinnipiac  basin  ;  and  this  would 
have  carried  it  northeastward  directly  over  the  place  where  the 
evidences  of  reversed  currents  occur  in  the  drift  deposits.  This 
place  of  discharge  would  not  have  taken  oft'  all  the  Mill  River 
waters,  or  the  larger  part;  for  the  water  level  there,  when  the 
flood  was  at  its  height,  was  still  thirty  to  thirty-five  feet  above 
the  sea-level — height  enough  to  have  kept  the  tumultuous  waters 
mainly  on  a  seaward  course. 

We  hence  learn  from  the  drift  deposits  at  this  place  of  junc- 
tion of  the  two  streams,  southeast  of  East  Rock,  (a  mile  north 
of  the  present  head  of  New  Haven  Bay  and  six  miles  from  its 
eastern  cape),  the  following  facts : 

1.  Until  the  waters  of  the  flooded  streams  had  reached,  at 
the  place  mentioned,  a  height  of  fifteen  feet  above  the  then- 
existing  sea-level,  neither  stream  overbalanced  the  other:  for 
the  deposits  of  the  lower  stratum  within  the  range  of  the  Quin- 
nipiac valley  show,  by  their  structure,  that  they  were  made  by 
the  flow  of  Quinnipiac  waters.  The  pitch  of  the  waters  to  the 
Sound  was  then  but  two  or  two  and  a  half  feet  a  mile. 

2.  Until  the  same  water-level  was  reached,  the  flow — though 
rapid  and  plunging,  as  proved  by  the  flow-and-plunge  structure 
of  the  beds — was  quiet  compared  with  what  followed  ;  for  this 
lower  stratum  consists  mainly  of  sand  and  fine  pebbles. 

8.  The  increase  in  the  flood  on  passing  that  level  was  sudden, 
as  if  the  dissolution  of  the  glacier  had  then  received  greatly 
accelerated  progress.  For  the  transition  in  the  bedding,  and  in 
the  color  of  the  sands,  is  abrupt,  with  no  fine  layer  between  to 
indicate  an  epoch  of  repose  ;  and,  moreover,  the  up2)er  stratum  is 

♦  Ibid.,  X,  413. 
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very  much  the  coarsest;  along  Mill  River  valley,  it  is  to  a  great 
extent,  in  contrast  with  the  stratum  it  overlies,  a  cobble  stone  de- 
posit, and  this  evidence  of  hurrying  waters  continues  along  its 
course  through  the  New  Haven  plain  for  a  mile  and  a  half  to  the 
Bay.*  Further,  the  height  of  the  deposits  where  the  stones  are 
coarsest  is  ten  feet  below  the  normal  height,  because  in  the 
dashing  flood,  the  finer  material  was  drifted  oiBF. 

4.  The  flow  from  Mill  River  into  the  Quinnipiac  basin  dimin- 
ished in  velocity  as  the  waters  spread  in  that  direction.  For, 
while  the  upper  stratum  adjoining  Mill  River  on  the  east  is  a 
mass  of  coarse  pebbla*^,  too  stony  to  show  any  cross-bedding, 
going  farther  eastward,  toward  the  Quinnipiac,  the  stony  char- 
acter diminishes,  and  finally,  in  the  course  of  three-fourths  of  a 
mile,  the  beds  consist  largely  of  sand. 

5.  The  great  plain  of  stratified  drift,  southeast  of  East  Rock, 
forty  to  forty- three  feet  in  height  above  the  sea-level,  which 
bounds  the  Quinnipiac  salt  meadows  on  the  south  and  pushes 
the  river  against  the  eastern  hills,  was  made  largely  of  sands 
contributed  bv  the  Mill  River  torrent. 

6.  The  Quinnipiac  waters  added  little  to  the  height  of  this 
drift-deposit  plain  or  terrace :  for  the  upper  stratum  bears  evi- 
dence of  Mill  River  action  nearly  or  quite  to  its  top.  There 
are  over  the  top  some  areas  of  whitisli  sand,  one  to  three  or 
four  feet  thick ;  and  a  bank  of  such  sand,  finely  and  evenly 
bedded,  lies,  unconformably  against  the  slope  of  stratified  drift 
facing  the  Quinnipiac  basin  ;  f  and  these  maybe  formations 
from  the  Quinnipiac  waters  after  the  Mill  River  floods  had  sub- 
sided. 

7.  Mill  River — now  not  over  fifteen  miles  in  length — is  an 
example  of  a  little  stream  that  was  a  great  river  during  the 
Glacial  flood.  It  owes  this  partly  to  its  having  been  one  of  the 
water-courses  that  aided,  as  I  have  pointed  out,:j:  in  discharging 
the  flooded  Connecticut — the  overflow  at  Northampton  ana 
Westfield  giving  a  vast  supply  of  waters  to  the  Farmington 
Valley,  enough  to  fill  the  wide  valley  over  a  hundred  feet  in 
depth,  and  forcing  them  to  find  a  discharge  into  Long  Island 
Sound  by  the  Quinnipiac  and  Mill  Rivers.  It  was  probably 
through  this  supply  of  waters  from  the  Connecticut  that  the 
floods  of  Mill  River  were  prolonged  until  the  drift  deposits  of 
the  New  Haven  plain  had  reached  their  extreme  height. 

♦Ibid.,  X,  175. 

f  Ibid.,  X,  179,  ISO,  where  a  figure  is  given.  The  origin  of  these  beds  is  other- 
wise explained  at  that  place,  the  error  that  the  estuary  beds  were  marine,  ooloring 
much  of  the  reasoning  in  that  first  paper  on  ^'  Southern  New  England." 

X  Ibid.,  X,  506. 
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Art.  XX. — The   Oreenstones  of  New  Hampshire  and  their  or- 
ganic  remains;  by  Geo.W.  Hawbs.     With  plate  V. 

The  occurrence  in  Eastern  North  America  of  rocks  pertain- 
ing to  what  is  appropriately  styled  the  "  greenstone"  series  has 
been  noticed  by  diflFerent  observers.  In  a  report  upon  the 
geology  of  the  Connecticut  Valley,  Professor  Edward  Hitch- 
cock distinguished  these  from  all  the  other  rocks,  by  the  name 
of  *'  chloritic  and  talcose  schists."*  Dr.  T.  Sterrv  Hunt,  in  the 
Geology  of  Canada,  has  given  analyses  and  aescriptions  of 
greenstones,  and  has  discussed  iheir  mode  of  formation.  Pro- 
fessor C.  H.  Hitchcock  has  noticed  these  rocks  in  New  Hamp- 
shire, and  has  carefully  studied  their  extent  and  distribution.f 
The  "  chloritic  formation''  near  New  Haven,  which  was  noticed 
at  length  by  Percival,  has  been  recently  determined  by  Profies- 
sor  J.  D.  Dana  to  consist  of  greenstones,  and  its  relationship  to 
the  surrounding  formations  has  been  by  him  pointed  out.$  In 
the  present  article  it  is  proposed  to  describe  some  of  the  more 
important  members  of  this  group  occurring  in  New  Hampshire, 
and,  from  the  evidence  aflfordea  by  chemical  and  microscopic 
study,  to  attempt  to  show  their  origin  and  mode  of  formation. 
These  studies  have  been  prosecuted  under  the  direction  of  the 
Geological  Survey  of  New  Hampshire,  at  the  head  of  which  is 
Professor  C.  H.  Hitchcock,  and  with  his  aid  it  is  proposed  to 
prepare  a  treatise,  as  complete  as  possible,  upon  the  rocks  of  the 
State,  which  will  form  a  part  of  the  third  volume  of  his  report 

These  greenstones,  as  described  by  Professor  Hitchcock,  cover 
a  large  area  in  the  northern  part  of  the  State,  and  extend  south- 
ward over  a  long  irregular  strip  of  territory  which  follows  the 
course  of  the  Connecticut  Valley.  They  are  referred  by  him 
to  the  Huronian  age.  The  rocks  of  the  whole  formation  are 
very  generally  green,  and  there  is  a  remarkable  constancy  in 
their  mineral  and  chemical  composition,  owing  doubtless  to  the 
constancy  of  the  conditions  under  which  the  beds  were 
originally  accumulated.  There  is  sufficient  diversity  in  these 
rocks,  both  in  physical  and  chemical  properties,  to  allow  the 
best  of  evidence  to  be  obtained  in  the  field,  showing  that  they 
are  all  metamorphosed  sedimentary  accumulations,  instead 
of  igneous  in  origin,  as  too  generally  claimed  for  rocks  of  this 
class.  They  are  interstratified  with  one  another  in  various 
ways,  and  are  far  from  appearing  as  a  result  of  violent  eruptions, 

♦  This  Journal,  I,  vi,  26. 

f  This  Journal,  III,  yii,  468  and  557,  also  voL  i,  G^logy  of  New  Hampshire, 
p.  532. 

X  This  Journal,  III,  zi,  119. 
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they  were  accumulated  in  quiet  waters  and  consolidated  under 
very  gentle  influences. 

As  m  the  vicinity  of  New  Haven — where  the  rocks  have  been 
shown  to  be  of  undoubted  metamorphic  origin — many  kinds 
are  found  which  so  closely  resemble  true  trap  rocks,  that  it  is 
well  nigh  impossible  to  distinguish  them  in  hand  specimens; 
and,  as  will  be  seen  bejond—  there  are  cases  where  even  the 
most  careful  microscopic  study  is  inconclusive.  Although 
only  extended  observations  made  in  the  field  can  decide 
whether  the  rocks  are  truly  stratified  or  intrusive,  yet  it  is 
believed  that  some  characters  are  given  in  the  descriptions 
beyond  which  will  be  of  service  in  their  classification. 

The  old  name  "  greenstone"  is  a  good  general  term  to  apply 
to  the  whole  group,  because  the  prevailing  color  of  the  rocks 
is  green ;  indeed  it  is  so  common  that  the  formation  has  always 
been  colored  ereen  upon  the  geological  maps ;  and  the  term 
"  greenstone"  has  now  become  so  wide  in  its  meaning  that  it 
mav  well  embrace  all  the  rocks  of  the  formation.  It  is  intended 
to  include  under  the  term,  all  basic  metamorphic  rocks  whose 
prominent  coloring  ingredient  is  either  hornblende,  pyroxene  or 
chlorite.  There  are  green  acidic  rocks  in  the  formation,  but 
thev  do  not  sufficientlv  resemble  the  rest  to  need  to  come  under 
a  common  term.  The  true  greenstones  are  all  so  much  alike 
in  physical  appearance  that  if  the  term  is  restricted  as  proposed 
it  will  be  found  of  much  convenience  in  use. 

In  this  formation  there  are  many  varieties  of  all  the  rocks 
spoken  of  in  this  article.  It  is  proposed  here  to  describe  these 
variations  in  but  general  terms,  but  in  the  third  volume  of  the 
Geology  of  New  Hampshire,  the  rocks  will  be  more  minutely 
described,  additional  figures  will  be  given,  together  with  the 
results  of  the  study  of  the  other  rocks  found  with  these,  but 
which  are  not  greenstones  if  we  restrict  that  term  as  proposed. 

1.  Metamorphic  Dioryte. — The  most  prominent  member  of 
this  group  of  greenstones  is  metamorphic  dioryte,  or  metadioryte^ 
and  it  includes  both  oligoclase-dioryte  and  labradorite-dioryte ; 
varieties  which  in  the  region  cannot  be  distinguished  without  a 
chemical  analysis.  This  rock  is  very  variable  in  its  texture  in 
different  localities,  sometimes  being  so  coarse  as  to  enable  one 
to  separate  the  crystals  mechanically,  and  observe  the  cleavages 
of  the  minerals;  sometimes  being  very  compact,  and  well  nigh 
impossible  to  distinguish  from  doleryte.  The  hornblende  gives 
a  dark  color  to  the  rock,  and  by  this  property  it  is  easily  dis- 
tinguished from  the  light  green  chloritic  rocks.  The  feldspar 
is  not  easy  to  determine;  but  an  examination  of  its  optical 
properties  shows  it  to  be  triclifiic.  Whether  it  be  oligoclase 
or  labradorite  is  not  a  matter  of  great  importance,  since  a  very 
slight  variation  in  the  composition  of  the  sediments  would  pro- 
duce a  change  in  the  species. 
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The  microscope  furnishes  as  conclusive  proof  as  the  strati- 
graphy that  these  diorytes  are  metamorphic.  Often  in  these 
basic  rocks  free  quartz  is  associated  with  feldspars  low  in 
silica  ;  and  in  Stewartstown  there  is  a  dioryte  in  wnich  carbon- 
ate of  lime  is  associated  with  a  triclinic  feldspar,  and  also  free 
quartz.  Such  circumstances  as  these  are  easily  understood,  if 
tnese  rocks  were  consolidated  under  very  gentle  metamorphic 
influences,  but  would  not  be  expected  in  a  rock  which  had 
been  once  in  a  condition  of  igneous  fusion  except  as  a  result  of 
alteration.  It  seems  as  if  the  mass  had  been  under  such  condi- 
tions of  heat  and  pressure  as  to  give  action  to  chemical  afl&nities, 
but  only  within  a  very  narrow  range ;  so  that  crystals  of  different 
minerals  might  be  formed  from  fine  mud,  while  a  larger  grain 
of  sand  would  be  left  unafiFected.  The  conditions  of  metamor- 
phism  were  such  that  they  gave  full  scope  to  chemical  affinity, 
only  where  the  original  deposits  were  impalpable  in  texture. 

These  diorytes  vary  much  in  their  mineral  composition.  At 
Littleton  some  are  very  feldspathic,  with  large  crystals  of 
labradorite,  making  a  porphyritic  dioryte.  At  North  Lisbon 
some  specimens  are  very  hornblendic,  and  large  crystals  of 
hornblende  are  developed  in  the  finer  ground-mass.  At  Lan- 
caster they  are  verv  micaceous,  and  there  are  everywhere 
coarse-grained  and  nne-grained  varieties.  Fig.  1,  plate  IV.  is 
intended  to  illustrate  the  appearance  of  the  minerals  of  these 
diorytes  under  the  microscope  with  ordinary  transmitted  light. 
It  is  drawn  from  a  thin  section  of  the  North  Lisbon  rock,  and 
is  magnified  36  diameters.  It  shows  the  color  of  the  horn- 
blende, which,  while  dark  in  the  mass,  is  very  prettily  green 
when  made  so  thin.  The  hornblende  is  generally  fibrous,  and 
is  found  in  large  crystals,  yet  microscopic  crystals  are  always 
scattered  througn  the  feldspar,  as  shown.  The  mica  is  biotite 
and  very  dichroic,  becoming  nearly  black  with  a  (quarter  revolu- 
tion of  one  nicol.  A  round  grain  of  quartz  is  seen  in  the 
middle  of  the  feldspar,  and  the  feldspar  when  placed  between 
the  nicol  prisms  is  found  to  be  triclinic. 

To  the  chemical  variations  reference  has  already  been  made. 
To  serve  as  a  basis  for  calculation,  the  hornblende  contained  in 
a  dioryte  from  North  Lisbon  was  analyzed.  In  it  the  horn- 
blende in  places  had  crystallized  out  in  large  orbicular  masses 
half  an  inch  in  diameter.  It  appears  under  the  microscope  in 
color  and  structure  like  the  large  crystal  in  the  section  figured. 
The  crystals  are  fringed  on  the  edges,  and  consequently  on  the 
outside  are  intimately  mixed  with  feldspar;  but  in  the  middle 
they  are  pure,  as  was  proved  with  the  microscope.  A  portion 
of  the  hornblende  free  from  associated  ingredients  was  analyzed 
with  the  following  results : 
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Silica 49-08 

Alumina 18-72 

Ferrous  oxide 9*84 

Manganous  oxide *40 

Lime 11-22 

Magnesia 1 1  -06 

Soda .- 2-40 

Water  (ignition) -00 

00-47 

This  analysis  shows  that  these  diorytes  have  a  highly  alum- 
inous hornblende,  resembling  in  all  respects  some  kinds  of  the 
variety  called  pargasite.  I  would  refer  to  the  analyses  pub- 
lished upon  page  238  of  the  fifth  edition  of  Dana*s  Mineralogy. 
That  hornblende  can  thus  take  into  its  composition  so  much 
alumina  and  alkali  shows  under  what  varying  conditions  of 
composition  this  mineral  may  be  formed.  An  analysis  of  the 
rock  from  North  Lisbon  gave  51-25  per  cent  of  silica,  while 
another  containing  the  same  variety  of  hornblende  gave  65-62 
per  cent.  In  the  former  the  feldspar  is  labradorite,  and  the 
amount  of  silica  in  the  latter  seems  to  imply  that  it  is  probably 
part  or  all  oligoclase. 

In  some  places  the  dioryte  develops  a  well  defined  schistose 
structure,  and  thus  becomes  diorytic  schist  The  microscope  is 
unable  to  detect  a  great  difference  in  composition ;  it  only 
indicates  a  more  finely  fibrous  and  more  diffused  hornblende, 
less  feldspar,  and  more  grains  of  qjuartz.  This  rock  is  very 
common  at  Cornish.  By  further  addition  of  quartz  and  diminu- 
tion of  the  feldspar  this  rock  graduates  into  nornblende  schist. 

2.  Metamorphic  Diabase, — Hydrous  rocks  are  very  common 
in  this  region,  in  which  chlorite  is  a  prominent  ingredient 
They  generally  contain  pyroxene  and  sometimes  hornblende. 
These  rocks  like  the  homblendic  are  both  massive  and  schistose. 
The  massive  rocks,  having  labradorite  in  addition  to  the 
minerals  above  enumerated,  are  meUdiabase.  They  are  very 
extensively  developed  in  the  extreme  north,  but  are  common 
as  far  south  as  Hanover.  They  are  often  quite  complex  in 
structure,  but,  as  in  the  case  of  igneous  diabase,*  the  chlorite 
imparts  to  the  rock  a  light  green  color  which  makes  it  easily 
distinguishable  from  the  diorytea  In  plate  V,  figure  2,  the 
microscopic  structure  of  this  rock  is  represented.  The  figure 
is  drawn  from  a  section  of  a  specimen  from  Littleton,  and  is 
magnified  35  diameters.  The  chlorite  in  these  rocks  has 
usually  an  amorphous  appearance,  occurring,  as  shown  in  the 
figure,  in  irregular  masses,  with  little  appearance  of  structure ; 
yet,  as  it  exhibits  bright  colors  between  crossed  nicols,  it  is  all 

*  This  Journal,  vol.  iz,  March,  1875. 
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crystalline.  The  pyroxene  shows  the  characteristic  cleavage^ 
as  indicated  in  the  figure  and  also  exhibits  bright  colors 
between  the  nicols,  such  as  are  seen  in  the  pyroxene  of  figure 
4.  The  feldspar  looks  impure  and  is  filled  with  rifts  and  with 
numerous  particles  of  chlorite  and  amorphous  matter  yet  shows 
its  characteristic  bands  of  color  between  the  nicol  prisms. 
Hornblende  sometimes  replaces  the  pyroxene  in  these  rocks, 
and  is  often  present  with  it.  The  occurrence  of  these  two 
minerals  in  the  same  rock  is  interesting,  and  the  following 
analyses  throw  some  light  upon  it  The  first  one  is  of  a  wholly 
chloritic  kind,  from  Littleton  ;  while  the  latter,  from  Pittsburg, 
is  of  a  variety  containing  hornblende.  The  specific  gravity  of 
each  is  2-96. " 

LitUeton.  Pittsburg. 

Silica 46-66  48-70 

Alumina 16*67  16*97 

Ferric  oxide -36  1-60 

Ferrous  oxide 0*40  8*97 

M  Hnganous  oxide '20  '20 

Lime 8*01  9*98 

Magnesia 10*34  6*98 

Potash 1*20 

Soda -.  2-55  3-30 

Titanic  acid 1-20  1*10 

Water 3*93  2*66 

Carbonic  acid 1*02 


100*34  100*68 

On  comparing  these  two  analyses,  little  difference  is  seen 
between  them,  or  between  them  and  the  corresponding  igneous 
rocks.  It  will  only  be  noticed  that  the  one  which  is  the  more 
chloritic  contains,  naturally,  more  water  and  magnesia  and  less 
silica;  hence,  if  in  the  rock  represented  by  the  second  analysis 
the  same  chlorite  was  formed,  and  its  amount  was  limited  bv 
the  amount  of  water,  there  would  be  left  a  residue  (correspond- 
ing to  the  remainder  of  chlorite  in  the  first  rock),  which  would 
make  an  aluminous  hornblende;  for  there  is  little  difference 
between  the  hornblende  of  which  an  analysis  is  given  on  page 
182,  and  some  chlorites  save  in  the  greater  percentage  of  sdica, 
and  smaller  of  water,  for  the  lime  and  magnesia  are  capable  of 
replacement  in  either  the  hornblende  or  pyroxene.  ^rhe 
conditions  for  the  formation  of  both  hornblende  and  pyroxene 
in  a  rock  will  be  made  a  subject  of  further  study.  It  seems  to 
me  to  be  dependent  upon  a  low  grade  of  metamorphism  at  a 
temperature  below  that  which  would  have  converted  all  into 
pyroxene  and  above  that  which  would  have  determined  it  all 
to  be  hornblenda     In  view  of  the  fact  that  the  hornblende  of 
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these  rocks  contains  so  large  a  proportion  of  alumina  and  also 
alkali,  it  will  be  seen  how  many  combinations  could  be  made 
from  the  same  material.  They  both  contain  about  two  per 
cent  of  titanic  iron  and  the  oxygen  ratio  of  the  whole  makes  it 
probable  that  the  feldspar  is  labradorite.  There  is  present  also 
some  pyrite,  and  apatite  or  some  mineral  phosphate.  For  an- 
alysis, portions  of  the  rock  free  from  pyrites  were  selected; 
the  phosphoric  acid  was  not  determined,  but  it  was  found  to  be 
present  when  a  careful  test  was  made,  and  the  microscope 
reveals  some  minute  crystals  which  appear  like  apatite. 

8.  Organic  remains  in  the  raeiadiabase, — In  the  microscopic 
study  of  these  massive  chloritic  rocks,  or  metadiabase,  I  have 
found  certain  forms  which  appear  to  be  of  organic  origin.  Two 
of  them  are  figured  on  plate  V ,  in  figs.  5  and  6. 

Figure  5  represents  a  specimen  from  the  metadiabase  of  Con- 
necticut lake  in  Pittsburg.  It  has  the  structure  of  a  tabulated 
coral,  resembling  much  a  Chceietes;*  but  on  account  of  its  mi- 
nuteness, in  connection  with  other  characters,  there  is  little  cyoLea- 
tion  but  that  it  is  a  fragment  of  a  rhizopod  mass  or  foraminifer ; 
and  a  close  resemblance  to  a  iStromapora  will  be  noticed.  The 
figure,  like  all  the  others,  is  drawn  from  a  thin  section  of  the 
rock,  magnified  thirty -five  diameters.  The  breadth  of  the  cells 
is  hence  but  ^j  j  of  an  inch.  These  forms  seem  to  be  abundant 
in  the  rock ;  for,  in  a  section  of  a  fragment  of  rock  half  an  inch 
square  in  surface,  several  bits  of  the  lossil  are  sometimes  found. 
Tne  specimen  figured  is  the  most  perfect  that  I  have  seen; 
but  smaller  fragments  are  abundant,  and  as  they  are  apparently 
alike  in  dimensions,  they  sustam  the  supposition  of  the  organic 
origin  of  all. 

In  the  metadiabase  of  Hanover  another  form  was  found, 
which  is  represented  in  figure  6.  This  is  very  likely  a  section 
of  a  fragment  of  the  same  species  of  rhizopod  cut  in  a  different 
direction. 

These  forms,  distributed  through  the  massive  rock,  have  a 
structure,  as  the  figures  show,  which  cannot  be  attributed  to 
crystallization.  They  seem  to  make  it  evident  that  rhizopods 
must  have  been  living  over  the  sea  bottom  during  the  accumu- 
lation of  these  sediments,  and  became  buried  in  the  mud  which 
is  now  the  material  of  the  rock.  These  forms  are  composed  of 
silicates,  but  of  what  precise  kind  it  is  diflScult  to  determine, 
since  the  particles  are  minute  and  their  optical  properties  are 
obscure.  Yet  upon  placing  a  drop  of  acid  upon  one  of  them 
it  effervesced  for  a  short  time,  showing  that  carbonate  of  lime 
existed  in  it — perhaps  part  of  that  of  the  original  foraminifer. 

The  presence  of  these  remains  of  rhizopods  in  the  metadia- 

*  It  also  calls  to  mind  the  series  of  cells  of  a  Biyozoan.  See  flgores  of  Lickuk- 
aiia  concenirica,  Plates  37  A  and  40  E,  Natural  History  of  New  York,  Part  YI, 
Paleontology,  YoL  2,  by  James  HalL 
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e  is  additioDal  evidence  of  the  sedimentary  origin  of  these 
ks ;  and  they  also  confirm  the  view  that  the  metamorphism 
J  feeble  in  its  degree,  since  it  allowed  of  the  preservation  of 
se  forms.  It  suggests,  moreover,  a  source  for  the  lime  of 
labradorite  and  other  minerals  of  the. rock,  as  well  as  for  its 
*ite  and  phosphate.  Associated  with  these  roeks  are  exten- 
B  beds  of  argillytes,  which  are  scarcely  altered.  Everything 
nts  to  quiet  waters  during  the  original  deposition  ;  and  finally 
;entle  metamorphism. 

i  Chlorite  iSchisL  MeUxdiahase  Schist — Metadiabase,  by  the 
relopment  of  a  schistose  structure,  becomes  metadiabase 
ist;  or,  as  it  is  commonly  called,  chlorite  schist.  This  rock 
rery  abundant  everywhere  in  the  formation.  It  is  schistose, 
;  the  laminae  are  often  so  firmly  united  that  its  structure  is 
nifested  only  on  fracture.  It  is  distinguished  from  hom- 
nde  schist  by  its  light  green  color,  and  by  giving  oflf  water 
en  heated.  Under  the  microscope  the  chlorite  is  crystalline 
I  strongly  dichroic  Its  crystals  are  mostly  in  the  plane  of 
iination,  and  the  pyroxene  is  in  minute  particles.  A  speci- 
n  from  Hanover,  having  a  gravity  of  SOS,  was  analyzea,  by 
.  Pease  of  the  Sheffield  laboratory,  with  the  following  result: 

Silica 46-66 

Alumina lt»*26 

Ferric  oxide ..     2*68 

Ferrous  oxide 0'73 

Manganous  oxide '26 

Lime 0-07 

Magnesia 6*67 

Potash '00 

Soda  3'31 

Titanic  acid ^62 

Water 2'30 


100-42 

This  rock  which,  as  the  microscope  shows,  contains  but  little 
tnic  iron,  yet  has  more  than  twelvepercentof  oxides  of  iron; 
I  hence  the  analysis  indicates  a  ferruginous  chlorite  contain- 
;  but  little  magnesia.  The  chlorite  which  best  fulfills  the 
iditions  of  composition  and  optical  properties  is  the  one 
ich  occurs  in  igneous  diabase — the  diabantite  ;*  and  which 
rery  apt  to  be  formed  in  ferruginous  rocks.  If  we  consider 
t  water  as  an  index  to  the  amount  of  this  chlorite,  and  the 
naining  magnesia  to  indicate  pyroxene,  we  find  that  the  rock 
isists  of  25  per  cent  of  chlorite,  20  per  cent  of  pyroxene,  1 
*  cent  of  titanic  iron,  and  a  residue  nearly  identical  in  com- 
lition  with  labradorite.    These  schists  are  sometimes  highly 

*  This  Journal,  yoL  iz,  Jmie,  1876. 
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porphyritic,  and  sometimes  large  crystals  of  feldspar  are  sparsely 
scattered  through  the  mass. 

Some  of  the  metadiabase  schist  resembles  closely  specimens 
of  the  German  schalstein^  which  like  these  is  often  associated 
with  massive  diabase,  but  which  is  considered  to  be  the  con- 
solidated tuff  that  has  resulted  from  the  wear  and  tear  of  the 
massive  igneous  rock.  The  New  Flampshire  rock,  as  all  the 
facts  show,  is  unquestionably  a  result  of  the  metamorphism  of 
sediments,  like  the  others  of  the  greenstone  series.  These 
stratified  kinds  give  us  the  plainest  conceptions  of  the  mode  of 
origin  of  the  whole. 

6.  Meiamorphic  Doleryte. — There  is  one  more  massive  rock  to 
which  I  refer  on  account  of  its  lithological  interest  It  is  the 
compound  of  pyroxene,  triclinic  feldspar  and  titanic  iron,  which 
is  found  at  Littleton.  The  rock  has  the  composition  of  a 
doleryte.  Yet  it  contains  diallage,  or  foliated  pyroxene  in 
large  individuals,  and  hence  it  would  be  generally  called  gabbro. 
As  the  crystalline  condition  of  the  pyroxene  seems  to  be  an 
unimportant  distinction,  I  here  refer  it  to  metadoUryte,  The 
color  of  this  rock  is  quite  dark  gray,  and  large  orbicular  crys- 
talline masses  of  diallage  are  developed  in  a  finely  granular  base. 
Its  composition  is  as  follows : 

Silica .-  40-26 

Alumina 18-62 

Ferric  oxide 6'46 

Ferrous  oxide 10-86 

Lime 10-31 

Magnesia 8*86 

Potash   -60 

Soda 1-96 

Titanic  acid 6-63 

Water  (ignition) -74 

98*68 

The  microscopic  structure  of  this  beautiful  rock  is  illustrated 
in  figures  8  and  4  of  Plate  V.  Fig.  8  represents  the  appear- 
ance of  a  thin  section  magnified  thirty-five  diameters,  by  ordi- 
nary transmitted  light,  while  fig.  4  represents  the  appearance 
of  the  same  between  crossed  nicol  prisms.  It  contains  as  the 
figure  and  analysis  show,  a  large  amount  of  titanic  iron,  and 
hence  the  low  percentage  of  the  silica.  Fig.  4,  which  illustrates 
the  effect  of  polarized  light  shows  the  banding  of  the  feldspar, 
which  is  either  labradorite  or  anorthite.  But  the  thing  of  most 
interest  is  the  association  of  hornblende  with  the  pyroxene. 
It  is  quite  evident  from  a  study  of  the  section  that 
the  colored  mineral  was  originally  all  pyroxene,  and  that  it  has 
now  been  partly  changed  into  hornblende.     That  the  horn- 
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blende  resulted  from  the  pyroxene  is  shown  by  the  spots  of 
hornblende  in  the  pyroxene;  the  outline  of  these  altered  spots 
is  quite  indefinite  and  indistinct,  indicating  plainly  the  fact  of 
change.  When  change  of  species  takes  place  with  no  change 
whatever  of  chemical  composition,  it  does  not  follow  that  the 
alteration  should  begin  at  the  outside  as  in  other  cases,  and 
as  here  seen  this  change  began  at  the  middla  Other  crys- 
tals are  seen  to  have  so  completely  changed  as  to  develop 
beautifully  the  cleavage  of  hornblende,  while  at  the  same  time 
a  good  illustration  of  the  cleavage  of  pyroxene  is  seen  in  the 
same  slide.  This  alteration,  which  is  not  uncommon  in  other 
regions,  is  of  much  importance  in  New  Hampshire,  for  in  nearly 
all  the  trap  rocks,  the  same  change  has  taken  place.  It  will  be 
noticed  that  the  pyroxene  changes  into  a  yellowish-brown 
strongly  dichroic  hornblende,  and  not  into  the  bright  green 
one  which  characterizes  the  original  diorytea 

6.  Aigillyte. — In  closing,  I  give  an  analysis  of  one  of  the  non- 
crystalline rocks  which  abound  in  the  region,  in  support  of 
some  of  the  views  that  have  been  advanced.  The  one  that  I 
select  is  from  Woodville,  and  is  a  corrugated  argillyte.  The 
composition  obtained  is  as  follows: 

Silica 60-49 

Alumina 19*35 

Ferric  oxide '48 

Ferrous  oxide 6*08 

Lime 1*08 

Magnesia    2*89 

Potash 3-44 

Soda 2-55 

Water 3-66 


99*92 

In  this  rock  the  microscope  shows  only  incipient  crystalliza- 
tion ;  yet  it  has  a  composition  that  would  have  made  a  good 
cranite  if  circumstances  had  favored ;  but  owing  to  the  feeble 
degree  of  the  metamorphism,  the  sediments  of  this  composition 
were  well  nigh  unaffected.  The  reason  for  this  is  seen  in  its 
small  percentages  of  lime,  magnesia  and  iron. 

In  conclusion,  it  appears  from  the  facts  described,  that  the 
greenstones  of  New  Hampshire  have  been  formed  from  fine 
sedimentary  deposits  which  were  accumulated  in  still  waters ; 
that  the  metamorphic  action  under  which  they  were  consoli- 
dated was  quiet  or  gentle  in  degree,  far  diflferent  from  that 
which  in  the  adjoining  regions  has  formed  mountain  masses  of 
granite  and  gneiss,  and  hence  that  their  special  location  in  the 
region  of  metamorphic  action,  in  connection  with  the  nature  of 
the  sediments,  has  determined  the  characten;  of  the  greenstone 
seriea 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chbmistky  and  Physics. 

1.  On  the  constitution  of  Naphthalene, — The  constitution  of  the 
hydrocarbon  naphthalene  has  been  fixed,  from  its  close  analogy 
with  benzene,  as  follows : — 

CH 
HC/\C-CH=CH 

11  I    • 

HC\>/C-CH=CH 

CH 

Wredbn  has  recently  proposed  two  other  formulas  for  this  sub- 
stance and  has  given  his  reasons  for  preferring  theoL  These  ra- 
tional formulas  are  both  unsymmetrical  The  first  is  the  most 
important,  and  is : — 

CH 
HC/XC-CHa 


HC\/C-.C 


/CH. 
CH  ^CH 


The  arguments  offered  are:  Ist,  the  important  pyrogenesis  of 
naphthalene  observed  by  Berthelot  from  styrene  and  ethylene, 
showing  that  the  latter  grouping  is  present.  2d,  the  decomposi- 
tions of  its  molecule  by  oxidation  and  reduction.  3d,  the  mutual 
formation  of  decahydronapbthalene  and  hexahydrocymene  by  the 
reduction  of  naphthalene.  4th,  the  four  possible  monosubstitution 
derivatives  indicated  by  the  above  formula,  three  of  which  have 
already  been  obtained.  5th,  the  formation  of  unsubstituted  phthalic 
acid  from  dichlomaphtboquinoue  and  of  tetrachlorphthalic  acid 
from  pentachlomaphthalene  is  no  evidence  for  the  correctness  of 
the  symmetrical  formula.  6th,  the  existence  of  two  perchloro- 
naphthalenes.  And  7th,  the  existence  of  two  analogous  com- 
pounds, isomeric  with  styrene  and  acetenylbenzene,  which  this 
theory  foresees  may  be  synthesized  from  benzene  and  ethylene. 
The  second  formula,  isomeric  with  the  first,  is : — 

CH 
HC/\C-CH-CH 

HC\/C-CH-CH 
CH 

It  differs  from  the  symmetrical  formula  only  in  the  mode  of  com- 
bination of  the  carbon  atoms.  Arguments  1,  4,  5,  6,  and  7  apply 
also  to  it. — Ber.  BerL  Chem.  Ges.,  ix,  690,  May,  1876.    g.  p.  r 

2.  Conversion  of  normal  into  iso^tyric  acid. — EuLEfr&i  btsr 
has  observed  a  remarkable  conversion  of  normal  into  isobutyric 
acid.  In  order  to  show  the  curious  inversion  of  solubility  in  hot 
and  cold  water  of  calcium  normal  butyrate  and  isobutyrate,  he 
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led  up  in  glass  tubes  a  cold  saturated  solution  of  the  former 
1  a  hot  saturated  solution  of  the  latter.  This  last  tube  on  cool- 
:  deposited  crystals  while  the  lirst  tube  did  the  same  on  heating. 
;er  repeating  the  experiment  for  class  instruction  many  times, 
I  quantity  of  the  normal  butyrate  crystals  appeared  to  lessen 
heating,  and  on  strong  coohng  crystals  appeared  resembling 
)  isobutyrate.  This  result  careful  examination  confirmed.  Since 
ilinff  for  eight  days  did  not  effect  the  change,  time  must  be  the 
[Uisite. — L%ebig*s  Ann.^  clxxxi,  126,  May,  1876.  g.  f.  b. 

\.  On  the  Influefice  of  Asparctgin  on  iSaceharimetty, — Cham- 
•N  and  Pellet  have  studied  the  influence  exerted  by  the  rotatory 
^er  of  asparagin  upon  the  indications  of  the  sacchariraeter.  Its 
leous  solution  (containing  when  saturated  1*66  to  1*72  percent) 
ates  the  yellow  ray  —  6°  14' ;  after  adding  ten  per  cent  of  am- 
nia  — 10*^^41'.  For  white  light  the  rotation  -Jl°23'  was  ob- 
Ded,  corresponding  closely  with  that  of  M.  Bouchardat,  —11° 
.  On  adding  a  mineral  acid,  the  sign  changes.  An  aqueous 
ntion  of  asparagin  containing  10  per  cent  of  hydrochloric  acid, 
I  a  rotatory  power  of  +37°  27'  for  the  yellow  ray.  Now  since 
ibrimfaut  has  shown  that  beet  roots  contain  2  or  3  per  cent  of 
B  substance,  the  indications  of  the  saccharimeter  are  somewhat 
»  high,  since  the  juice,  although  alkaline  after  clarification  with 
lie  lead  acetate,  still  has  a  pins  rotatory  power.  This  error  may 
ount  to  0*7  gram  of  sugar  in  the  100  c.c.  The  authors  find,  how- 
jr,  that  the  rotatory  power  of  the  asparagin  is  entirely  destroyed 
the  addition  of  acetic  acid.  They  recommend  the  addition  to 
\  solution,  after  treatment  with  the  basic  acetate,  of  10  c.  c.  of 
rtic  acid  (at  8°)  to  every  100  c.  c.  The  same  fact  to  a  less  de- 
»  is  true  of  the  juice  ot  the  cane.  The  authors  propose  the  titer 
:ore  and  after  the  addition  of  the  acid,  as  a  methoa  for  estimat- 
;  asparafi^in. —  0.  i?.,  Ixxxii,  810,  April,  1876.  g.  f.  b. 

k  On  the  Alkaloid  Aricine  and  some  related  Bodies. — Hesse 
I  subjected  to  a  new  and  exact  investigation  the  cinchona  alka- 
1  discovered  in  1829  by  Pelletier  and  called  aricine,  obtained 
m  a  new  bark  Cinchonn  pelleterana.  He  comes  to  the  conclu- 
Q  that  aricine,  as  well  as  the  cinchovatine  of  Winckler,  and  a 
w  Ijevo-rotatory  alkaloid  discovered  by  de  Vrij  in  1873,  are 
ntical  in  the  pure  state  with  cinchonidine.  The  alkaloid  called 
cine  by  Howard,  was  probably  paricine  containing  cinchonine. 
Liebig^s  Ann.,  clxxxi,  68,  May,  1876.  o.  p.  r 

L  AncUysis  of  Mixed  Liquids, — Dr.  Siemens  has  designed  an 
trument  by  which  a  stream  of  alcohol  and  water  mixed  in  any 
»portion,  is  measured  in  such  a  manner  that  one  train  of 
mter  wheels  records  the  volume  of  the  mixed  liquid;  while  a 
ond  counter  gives  a  true  record  of  the  amount  of  absolute  alco- 
eontained  in  it.  The  principle  on  which  this  measuring  appa- 
08  acts  may  be  shortly  described  thus :  The  volume  of  liquid 
HMsed  through  a  revolving  drum,  divided  into  three  compart- 
nts  by  radial  divisions,  and  not  dissimilar  in  appearance  to  an 
Unary  wet  gas-meter ;  the  revolutions  of  this  drum  produce  a 
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record  of  the  total  volume  of  passing  liquid.  The  liquid  on  its 
way  to  the  measuring  drum  passes  through  a  receiver  containing 
a  float  of  thin  metal  filled  with  proof  spirit,  which  float  is  par- 
tially supported  by  means  of  a  carefully  adjusted  spring,  and  its 
position  determines  that  of  a  lever,  the  angular  position  of  which 
causes  the  alcohol  counter  to  rotate  more  or  less  for  every  revolu- 
tion of  the  measuring  drum.  Thus,  if  water  only  passes  through 
the  apparatus  the  lever  in  question  stands  at  its  lowest  position, 
when  tne  rotation  motion  of  the  drum  will  not  be  comroumcated  to 
the  alcohol  counter,  but  in  proportion  as  the  lever  ascends  a  greater 
proportion  of  the  motion  oi  the  drum  will  be  communicated  to  the 
alcohol  counter,  and  this  motion  is  rendered  strictly  proportionate 
to  the  alcohol  contained  in  the  liquid,  allowance  being  made  in 
the  instrument  for  the  change  of  volume  due  to  chemical  affinity 
between  the  two  liquids.  Several  thousand  instruments  of  this 
description  are  employed  by  the  Russian  Government  in  controll- 
ing the  production  of  spirits  in  that  empire,  whereby  a  large 
staff  of  officials  is  saved,  and  a  perfectly  just  and  technically  un- 
objectionable method'  is  established  for  levying  the  excise  dues. 
— Nature^  xiv,  58.  k.  c.  p. 

6.  Viscosity  of  Salt-iSoltUiojis. — M.  Grotbian  has  determined 
the  constants  of  friction  of  some  salt  solutions  and  their  relations 
to  galvanic  electricity.  The  oscillations  of  a  suspended  disc  with 
attached  magnet  (under  the  influence  of  a  neignboring  magnet) 
were  observed  in  air  and  in  the  liquid  under  examination.  The 
observed  generally  similar  curve  of  temperature  coefficients  for 
fluidity  and  galvanic  conductivity,  with  change  of  concentration, 
leads  the  author  to  conclude  that  the  overcoming  of  internal  fric- 
tion forms  an  essential  pait  of  the  work  done  by  a  current  in  pas- 
sage through  an  electrolyte.  In  the  case  of  chloride  of  potassium 
it  IS  found  that  the  increase  of  conductivity  is  almost  exactly  pro- 
portional to  the  percentage  proportion  (in  the  liquid)  ;  and  Mr. 
urotrian  infers  that  the  chemical  changes  he  conceives  generally 
to  occur  in  chemical  constitution  of  electrolytic  molecules,  on  alter- 
ing the  concentration,  do  not  occur  here,  but  that  with  varied 
concentration,  at  the  same  temperature,  the  conductivity  is  only 
conditioned  by  the  proportion  of  salt  and  the  viscosity.  With 
the  numbers  obtainea  in  the  experiments,  it  is  possible  to  estimate 
for  variously  concentrated  solutions  of  a  salt,  the  temperatures  for 
which  the  constants  of  friction  have  some  determinate  constant 
value;  then  to  calculate  the  numbers  for  the  conductivity  at  this 
temperature,  and  inquire  according  to  what  law  these  alter  with 
the  concentration.  He  thus  shows  that  in  the  case  of  NaCl,  ElaCl, 
CaClg,  and  BaClg  the  concentration  and  the  viscosity  are  the 
principal  factors,  which  determine  the  amount  of  the  conductivity. 
— Pogg,  A7iiKy  clvii ;  Nature^  xiv,  142.  e.  o.  p. 

7.  Viscosity  of  Gases. — Hrbr  von  Obkrmater  has  recently 
communicated  a  memoir  to  the  Vienna  Academy  on  the  relation 
of  the  coefficients  of  internal  friction  of  gases  to  the  temperature. 
If  we  accept  for  the  coefficients  of  friction  ^  at  t^  C.  the  formula 
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fiz^fi^^X-^ratY  while  a  is  the  coefficient  of  expansion  of  the  gas 
taken  as  a  basis  of  the  calculation,  then  the  experiments  of  Ober- 
mayer  give  the  following  values  of  n : — Air,  0*76;  hydrogen,  '70 ; 
oxygen,  '80 ;  carbonic  oxide,  '74 ;  ethylene,  -96 ;  nitrogen,  '74  ;  pro- 
toxide of  nitrogen,  -93 ;  carbonic  acid,  94 ;  ethyl  chloride,  •98. 
The  coefficient  of  friction  of  the  permanent  gases  is,  according  to 
these  experiments,  approximately  proportional  to  the  f  power 
and  that  of  the  coercible  gases  to  the  1 -power  of  the  absolute 
temperature. 

For  temperatures  between  160°  and  300°  C.  air  gave  the  same 
values  of  n  as  between  the  lower  temperatures  —21*5  and  58*6. 
In  the  case  of  carbonic  acid  a  slow  decrease  of  the  exponent  n 
with  the  temperature  was  perceptible  from  the  experiments. — 
Nature^  xiv,  119.  b.  c.  p. 

8.  Simultaneous  Sounding  of  two  Notes, — Dr.  R.  K5nig  sums 
up  the  results  of  an  elaborate  series  of  experiments  of  the  effect 
of  two  tuning  forks  sounded  together  as  follows : 

L  (1)  The  number  of  beats  of  two  notes  n,  n'  is  always  equal 

ft' 
to  the  positive  and  negative  remainder  of  the  division  — ;  that  is, 

equal  to  the  numbers  y/i,  m',  which  are  produced  by  stating  n'= 
An-|-w'i=(/i+l)w  —  m',  while  n,  n'  are  the  number  of  double 
vibrations,  and  h  the  quotient  of  the  division  which  gives  the  re- 
mainder m.  It  is  as  if  the  beats  proceeded  from  the  two  overtones 
h  and  A+1  of  the  lower  note  /*,  between  which  the  higher  note  n' 
lies.  The  cause  of  the  beat-notes  is  simply  the  periodical  coinci- 
dence of  the  common  maxima  of  the  two  sound-waves. 

(2)  The  beats  of  the  pure  harmonic  intervals  can  be  heard  in 
the  relations  1 :  8  and  even  1 :  10,  and  may,  as  well  as  the  beats  of 
the  unison,  be  regarded  as  resulting  directly  from  the  composition 
of  the  vibrations  of  the  primary  notes,  without  the  help  of  result- 
ant intermediate  notes,  whose  existence  cannot  be  proved. 

(8)  Both  the  beats  m  and  the  beats  m',  not  only  of  the  interval 
n  :  n-f-m,  but  also  of  the  interval  n  :  hn-^-rn  (A=2,  3,  4),  when 
the  intensity  of  the  primary  notes  and  their  number  are  sufficient, 
change  into  beat  notes. 

II.  (4)  When  the  two  beat-notes  m  and  m!  are  near  the  unison, 
the  octave,  and  the  twelfth,  the  same  beats  may  be  heard  as  would 
be  produced  by  two  equal  primary  notes.  1  have  named  these 
beats  arising  from  beat -notes  secondary  beats,  in  order  to  distin- 
guish them  from  the  beats  arising  from  primary  notes. 

(6)  When  the  intensity  of  the  beat-notes  by  which  they  are 
formed  and  their  numbers  are  sufficient,  these  secondary  beats 
change  lo  a  secondary  beat-note,  as  primary  beats  change  to  a 
primary  beat-note. 

m.  (6)  The  difference-notes  and  summation-notes,  which  are 
produced  by  the  change  of  two  loud  notes  (the  vibrations  of  the 
latter  not  being  infinitesimal),  produce  a  phenomenon  which  is 
independent  of  the  beats  and  beat-notes;  they  are  only  much 
weaker  than  the  beat-notes. 
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IV.  (7)  The  beat-notes  cannot  be  explained  by  reason  of  the 
difference-notes  and  summation-notes,  because  the  number  of  their 
vibrations  is  in  many  cases  different  from  what  this  cause  might 
produce. 

(8)  The  audibility  of  the  beats  depends  solely  u}x>n  their  num- 
ber and  upon  the  intensity  of  the  primary  notes,  and  is  independ- 
ent of  the  distance  of  the  interval. 

(9)  The  number  of  the  beats  and  of  the  primary  impulses  in 
which  both  may  be  perceived  as  separate  impulses  is  the  same. 

(10)  With  the  beats  perceived  as  separate  impulses,  as  with  the 
primary  impulses  perceived  in  the  same  manner,  the  note  which 
approaches  them  in  number  is  audible. 

(11)  The  number  at  which  beats  and  primary  impulses  can 
change  into  one  note  is  the  same. 

(12)  As  with  beats  and  primary  impulses,  the  intermissions  of  a 
note  can  also  change  into  one  note. 

(13)  When  the  vibrations  of  a  note  vary  periodically  in  intens- 
ity, the  periodical  maxima  of  vibration  change  into  one  note,  if 
their  number  is  sufficient. 

(14)  The  beat-note  which  is  formed  by  two  primary  notes  must 
always  be  weaker  than  the  latter,  although  single  beats  are 
stronger  than  the  notes  which  form  them. — Phil,  Mag,^  1,  417, 

511.  B.  O.  p. 

IL   Geology  and  Mineralogy. 

1.  Critical  Observations  <m  Theories  of  the  JEarth^s  physical 
evolution ;  by  Capt.  C.  E.  Dutton.  (The  Penn  Monthly,  May 
and  June,  1870.). — Captain  Dutton  presents  in  this  paper  the 
views  brought  out  in  nis  article  in  volume  viii  of  this  tloumal, 
with  fuller  illustrations,  and  adds  explanations  of  his  theory  of 
the  origin  of  mountains.  The  discussion  should  be  read  by  all 
desiring  to  reach  right  conclusions,  it  presenting  many  arguments 
from  physical  considerations  against  the  contraction-theory,  or 
that  of  the  uplifting  and  folding  of  strata  through  lateral  pressure. 
There  is  much  to  be  learned  before  any  theory  of  mountain-mak- 
ing shall  have  a  sufficient  foundation  in  observed  facts  to  demand 
full  confidence,  and  Captain  Dutton  merits  the  thanks  of  geol- 
ogists for  the  aid  he  has  given  them  toward  reaching  right  conclu- 
sions. His  discussions  are  not  free  from  misunderstandings  of 
geological  facts,  and  if  they  fail  to  be  finally  received  it  wfll  be 
K)r  this  reason.  The  subject  is  too  large  a  one  for  a  full  state- 
ment, in  a  book-notice,  of  the  apparent  difficulties  and  sources  of 
doubt  which  might  occur  to  an  advocate  of  the  latter  theory. 

We  here  give  in  a  brief  form,  and  nearly  in  his  own  words,  the 
principal  points  in  his  theory  of  mountain-making  as  explained  in 
the  later  part  of  his  memoir. 

Accepting  the  proposition  that  there  is  a  plastic  condition  of 
rock  beneath  the  earth's  crust  and  that  metamorphism  is  a  "  hydro- 
thermal  process,"  and  believing  that  "  the  penetration  of  water  to 
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profound  depths  [in  the  earth's  crust]  is  a  well  sustained  theory/' 
he  says  that  sreat  pressure  and  a  temperature  approaching  red- 
ness are  essential  conditions  to  metamorphism ;  that  the  state  of 
silica,  alumina,  etc.,  in  the  process,  is  like  that  when  these  oxides 
are  obtained  in  the  soluble  hydrous  condition,  and  therefore  they 
would  have  had  less  specific  gravity  than  they  have  in  the  crys- 
talline anhydrous  condition;  and  that  a  diminution  of  heat  or 
pressure  would  have  been  followed  by  crystallization  and  an  in- 
crease of  density ;  that  the  deeply  buried  rocks  would  require  but 
little  expansion  to  cause  a  diminution  of  specific  gravity ;  and,  if 
they  become  highly  plastic  from  any  cause,  then  the  position  of 
the  superior  or  overlying  strata  would  be  one  of  unstable  equilib- 
rium ;  if  heated  without  becoming  plastic,  or  if  plastic  and  yet 
denser  than  the  overlying  beds,  the  expansion  would  cause  a  ver^ 
tical  upward  movement  and  attendant  results,  including  in  some 
oases  great  fractures  owin^  to  inequalities  in  bedding  and  texture 
and  the  consequent  unstable  equilibrium ;  that  the  axes  of  maxi- 
mum deposit  would  become  the  axes  of  future  synclinals,  because 
^  the  heaviest  portion  would  sink  into  the  lighter  colloid  mass" 
underneath,  protruding  it  laterally  beneath  the  lighter  portions 
where,  by  its  lighter  density,  it  tends  to  accumulate."  He  adds : 
**The  resulting  movements  would  be  determined,  first,  by  the 
amount  of  difference  in  the  densities  of  the  upper  and  lower 
masses,  and,  second,  by  inequalities  in  the  thickness  of  the  strata : 
the  forces  now  become  adequate  to  the  building  of  mountains  and 
the  plication  of  strata,  and  their  modes  of  operation  agree  with 
the  classes  of  facts  already  set  forth  as  the  concomitants  of  those 
features." 

The  views  are  next  applied  to  a  system  of  plications.  ^'  It  has 
been  indicated  that  plications  occur  where  strata  have  nipidly 
accumulated  in  great  volume  and  in  elongated  narrow  belts; 
that  the  axes  of  plications  are  parallel  to  the  axes  of  maximum 
deposit ;  and  that  the  movements  immediately  followed  the  depo- 
sition"— the  case  of  the  Appalachians  being  an  example  in  which 
the  accumulations  averaged  40,000  feet.  He  obsei-ves :  "Wher- 
ever the  load  of  sediments  becomes  heaviest,  there  they  sink 
deepest,  protruding  the  colloid  magma  beneath  them  to  the 
adjoining  areas,  which  are  less  heavily  weighted,  forming  at  once 
both  synclinals  and  anticlinals.  If  the  dinerence  in  the  densities 
of  the  upper  and  lower  portions  be  small,  the  latter  beinff  a  little 
less  or  but  slightly  plastic,  the  disturbance  would  not  be  great 
[and  the  undulations  made  would  be  low  | ;  if  this  difference  and 
the  plasticity  be  considerable,  tlie  disturbance  becomes  not  only 
greater,  but  assumes  new  phases  [as  in  the  Juras  and  Appala- 
chians] ;  and  finally  when  the  two  conditions  become  extreme,  the 
phenomena  become  eruptive."  The  movements  are  hence  accord- 
ing to  hydrostatic  law.  He  says  further :  "  In  mountain-making 
the  disturbing  agents  have  been  extreme.  All  typical  mountains 
consist  of  granitoid  cores  protruded  through  strata  and  towering 
above  them" — as  in  the  Sierra  Nevada.    "  The  thickness  of  die 
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Appal acbians  is  from  five  to  eight  miles ;  the  thickness  of  the 
Miocene  strata  of  the  Coast  Range  in  California,  according  to 
Messrs.  Brewer  and  King,  is  nearly  five  miles  [5000  feet  ?J ;  and 
both  systems  bear  every  indication  of  being  shallow- water  deposits 
— in  brief,  coast  and  off-shore  deposits.  No  geologist  doubts  that 
these  strata  subsided  as  they  grew  in  thickness.  But  if  they  sub- 
sided they  displaced  the  matter  beneath  them ;  and  what  becomes 
of  the  displaced  matter?''  In  the  case  of  the  Appalachians  ^^it 
must  have  gone  to  the  south-eastward — toward  tne  land  whence 
the  sediments  were  derived" — "the  direction  toward  which  gravi- 
tation would  inevitably  propel  it."  "In  the  Coast  Range,  the 
Uintahs,  Wahsatch  and  the  Park  Mountains  of  Colorado,  strata 
miles  in  thickness  have  sunk,  and  right  at  the  upturned  edges 
come  up  the  towering  granitoid  mountains."  "  On  the  one  hand, 
matter  has  been  displaced  and  gone  somewhere  [southeastward],  on 
the  other,  displaced  matter  stands  revealed  in  immediate  con- 
tiguity." The  Uintah  range  is  a  good  example.  "Disregarding 
the  enormous  Cretaceous  deposits,  the  freshwater  Tertiaries  turned 
up  on  the  flanks  of  these  mountains  are  10,000  feet  thick.  That 
these  beds  subsided  by  their  gross  weight  as  rapidly  as  they  grew 
admits  of  no  shadow  of  doubt."  "  What  became  of  the  matter 
dbplaced  by  the  sinking  strata,  and  whence  came  the  displaced 
matter  which  slopes  down  to  their  upturned  edges,  and  how  can 
the  conclusion  be  avoided  that  they  are  one  and  the  same  ?"  In 
other  words  the  granitoid  core  was  extruded  as  the  sinking  went 
forward,  or  during  the  later  part  of  it. 

For  further  details  respecting  the  theory  we  refer  to  the  original 
memoir. 

With  regard  to  this  new  theory,  we  might  reasonably  question 
the  existence  of  the  colloid  magma — a  condition  fundamental  to 
the  theory— and  his  evidence  that  water  penetrates  to  profound 
depths  in  the  earth's  crust  sufficient  to  make  hydrous  rocKs.  We 
might  ask  for  evidence  that  the  rocks  beneath  the  Cretaceous  and 
Tertiary,  and  other  underlying  strata  of  the  Uintahs,  were  in  such 
a  colloid  state,  and  this  so  near  the  surface,  that  the  "  beds  subsided 
by  their  gross  weight  as  rapidly  as  they  grew."  We  might  query 
whether,  if  the  subsiding  of  the  beds  were  causing  at  the  same 
time  a  protruding,  the  seas  would  have  been  in  a  condition  for 
living  species  or  quiet  deposition,  and  whether  therefore  the  pro- 
trusion, if  a  fact,  must  not  have  been  a  final  result  after  the  depo- 
sition and  the  attendant  subsiding  had  ended.  We  might  query 
whether  the  granitoid  core  of  some  of  the  mountains  referred  to 
has  been  proved  to  be  of  the  age  the  theory  assumes.  We  might 
query  also  whether  in  the  case  of  the  Appalachians,  the  material 
of  which  the  rocks  were  made  came  from  land  once  existing  to 
the  southeastward ;  whether  the  various  anticlinals  and  synclinals 
in  different  overlapping  series,  taking  only  the  larger  ones,  could 
have  corresponded  severally  to  movements  in  a  colloid  mass  below, 
to  a  sinking  by  weight  where  the  material  was  thickest  above,  and 
so  making  the  synclinals ;  whether  in  the  case  of  the  Appalachians, 
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the  width  of  the  Bynclinal  formed  as  the  Paleozoic  deposits  were 
in  progress  was  not  approximately  as  great  as  the  width  of  the 
area  of  thickening  depositions,  and  whether  the  anticlinal,  made 
by  the  displaced  plastic  material  beneath  being  pushed  to  the 
southeastward,  was  not  at  least  as  broad  as  the  synclinal,  so  that 
one  anticlinal  and  one  parallel  synclinal  may  have  occupied  to- 
gether three  hundred  miles  or  more  in  breadth. 

Captain  Dutton  observes  that  "plications  occur  where  strata  have 
rapidly  accumulated  in  great  volume,"  etc.  This  idea  of  rapid 
accumulation  and  brief  work  in  mountain-making  has  occasioned, 
as  shown  in  this  and  some  other  parts  of  his  memoir,  some  misap- 
prehension of  the  effects  that  \Yould  come  from  lateral  pressure. 
The  accumulation  of  material  for  the  Appalachians,  occupied  the 
whole  of  Paleozoic  time ;  and  probably  there  is  no  geologist  who 
believes  that  the  length  of  that  era  was  less  than  ten  millions  of 
years,  and  few  that  it  was  less  than  fifty  millions.  Even  if  it  took 
one  million,  the  accumulation  was  not  rapid;  and  certainly  not  if 
it  took  fifty  millions.  Again,  he  says  that  the  movements  of 
mountain-making  "  immediately  followed  the  deposition."  *'  Imme- 
diately" sounds  quick  to  one  who  appreciates  the  slowness  of  geo- 
logical changes.  The  Carboniferous  age  was  very  long ;  and  some 
where  in  that  part  of  geological  time,  either  before  the  age  had 
fully  ended,  or  some  time  after  its  close,  the  epoch  of  catas- 
trophe began.  But  this  catastrophe,  according  to  the  apprehen- 
sion of  geologists  who  best  appreciate  the  rate  of  the  earth's 
progress,  may  have  taken  one  or  more  hundreds  of  thousands  of 
years  to  have  accomplished  its  results — time  enough  to  have  pro- 
duced plications  without  chaotic  effects. 

2.  A  Report  on  the  Invertebrate  Cretaceous  and  Tertiary  Fossils 
of  the  Upper  Missouri  Country;  by  F.  B.  Meek.  609  pp.  quarto, 
with  an  Introduction  of  Ixiv  pages,  and  45  quarto  lithographic 
plates,  of  about  1000  figures,  constituting  volume  ix  of  the  lieport 
of  the  U.  S.  Geological  Survey  of  the  Territories,  F.  V.  Hayden, 
U.  S.  Geologist  in  charge.— Mr.  Meek's  labors  in  connection  with 
the  Cretaceous  and  Tertiary  fossils  of  the  Rocky  Mountain  region 
began  more  than  thirty  years  since,  and,  with  some  interruptions 
by  work  on  the  paleontology  of  other  parts  of  the  country,  they 
have  been  continued  ever  since.  He  was  engaged  in  the  descrip- 
tions of  the  earliest  invertebrate  fossils  collected  in  N  ebraska  by 
Dr.  Hayden,  and  has  always  been  referred  to  for  descriptions  of 
the  species  of  the  expeditions  under  Dr.  Hayden's  charge,  and  not 
of  these  alone.  For  the  preparation  of  this  new  and  great  work  he 
has  therefore  had  the  benefit  of  his  previous  long  and  labored 
study  of  the  subject,  and  the  command  of  all  the  species  the 
Rocky  Mountain  expeditions  have  afforded.  Mr.  Meek  works  with 
extreme  care  and  fiaelity,  and  hence  his  results  rank  with  the  best. 

The  country  in  which  the  fossils  described  in  his  work  were  dis- 
covered lies  mainly  between  the  British  possessions  on  the  north, 
the  Platte  on  the  south,  the  Missouri  River  on  the  east  and  the 
Rocky  Mountains  on  the  west. 
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The  Introduction  to  the  volume,  after  presenting  sketches  of  the 
earlier  explorations  in  the  Upper  Missouri  region,  describes  the 
formations  from  which  the  fossils  were  collected,  giving  sections 
showing  the  thickness  and  order  of  superposition  of  the  various 
subdivisions.  The  geographical  extension  of  the  same  west  of  the 
Mississippi  is  also  shown ;  and  their  relation  to  the  subdivisions 
of  the  Cfretaceous  in  Mississippi,  Alabama,  New  Jersey,  and  in  the 
Old  World  are  fully  discussea.  The  author  also  makes  some  re- 
marks on  the  mooted  question  in  regard  to  the  relation  of  the 
Lignites  of  the  far-west  to  the  Cretaceous  and  Tertiary  systems, 
maintaining,  as  he  had  previously  done,  that  these  deposits  belong 
in  part  to  tne  Cretaceous  and  in  part  to  the  Tertiary :  that  is,  that 
the  beds  at  Coalville,  Utah,  and  Bear  River,  Wyoming,  are  clearly 
Cretaceous,  like  those  of  Western  Colorado ;  that  those  of  Bitter 
Creek,  Wyoming,  especially  those  below  the  horizon  of  the  Hall- 
ville  coal,  are  almost  certainly  Cretaceous;  that  those  above,  to 
the  horizon  of  the  Saurian  bed  at  Black  Butte  Station  inclusive, 
probably  belong  also  to  the  Cretaceous,  but  may  be  £k)cene;  and 
that  the  Evanston  and  Carbon  Station  coal-bearing  strata  of 
Wyoming  are  Tertiary. 

The  Judith  river  fresh-  and  brackish-water  beds  of  Montana, 
and  of  British  America,  in  which  Cretaceous  types  of  Saurians 
have  been  found,  along  with  some  Eocene  types  of  vertebrates, 
and  new  species  of  shells  that  would  be  called  Tertiary  forms  by 
almost  any  paleontologist  (judging  from  their  affinities),  he 
thinks,  may  be  Cretaceous,  but  he  does  not  regard  this  conclusion 
as  yet  clearly  established.  The  Fort  Union  fresh-  and  brackish- 
water  Lignite  group,  of  the  Upper  Missouri  he  regards  as  Tertiary. 

In  the  body  of  the  work,  all  of  the  known  Upper  Missouri  in- 
vertebrate genera,  subgenera,  species  and  varieties,  whether  new 
to  science  or  not,  are  fully  described ;  and  are  also  illustrated  on 
the  accompanying  plates.  The  genera  thus  described  number 
about  120,  the  Hubgenera,  including  the  type  sections,  170,  and 
the  species  and  varieties  about  308.  Full  synonymy  and  refer- 
ences of  all  of  the  species  and  genera  are  given,  and  the  type  of 
each  genus  and  subgenus,  where  known,  is  mentioned ;  and,  where 
there  is  doubt  as  to  the  exact  type-species,  a  typical  example  is 
cited.  After  the  description  of  each  genus  a  separate  brief  diag- 
nosis of  its  subgeneric  sections  (if  so  divisible)  is  given,  and  an 
example  cited. 

The  affinities  and  geological  range,  so  far  as  known,  of  each 
genus,  are  also  fully  discussed ;  and  when  represented  by  existing 
species,  its  habits  and  geographical  distrioution  are  generally 
stated.  Most  of  the  species,  and  some  of  the  genera  in  the  work, 
are  here  for  the  lirst  time  illustrated. 

Only  a  few  of  the  species  are  known  to  occur  in  the  old  world, 
and  at  localities  in  this  country  east  of  the  Mississippi ;  and  these 
are  all  from  the  Cretaceous,  and  show  that  the  Niobrara  and  Fort 
Benton  Groups,  as  well  as  perhaps  the  Dakota  Group,  represent  the 
Lower  or  Gray  Chalk,  with  possibly  also  the  Upper  Gh'een  Sand ; 
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and  the  Fort  Pierre  and  Fox  Hills  Groups  the  Upper  White 
Chalk,  and,  possibly,  also  the  Maestricht  beds  of  Europe. 

8.  Shower  of  Volcanic  dust  over  JScandinavia, — In  March  of 
1875,  according  to  A.  £.  Nordenskidld,  a  shower  of  volcanic  dust 
fell  widely  over  Sweden  and  still  more  abundantly  over  Norway, 
making  a  layer  over  some  places  a  quarter  of  an  inch  thick.  The 
dust  was  pumice-like  in  constitution.  It  is  traced  to  Iceland. 
On  the  30th  of  March  the  winds  were  northwest  and  west.  An 
eruption  began  in  Iceland  in  the  preceding  December,  from  nu- 
merous craters  in  the  interior,  and  the  most  abundant  ash-shower 
occurred  over  the  island  on  the  29th  of  March,  covering  some 
pastures  six  inches  deep;  and  if  the  ashes  of  the  same  shower 
reached  Scandinavia,  as  is  probable,  the  ioumey  of  2000  kilometers 
was  performed  in  less  than  twenty-four  hours. —  G.  Mag.  for  Jtdy. 

4.  Carrara  Marbles. — Prof.  G.  A.  Lebour,  in  the  Geological 
Magazine  for  July,  mentions  the  discovery  of  Sub-carboniferous 
fossils  in  connection  with  Carrara  statuary  marbles ;  among  them 
Spirifer  glahevy  L^tcena  arachfioidea  d'Orb.,  Cardiomorpha 
pristina  de  Eon.,  Cardinia  tellinaria  de  Eon.,  Pholadomya  reg- 
tdaris  d'Orb.,  Cyathocrinus  quadrangiUaris  Miller,  etc.  The 
superior  Coal-measure  shales,  at  Monte  Jano,  contain  Neuropteris 
rotundifolia  Brngt.,  Odontopteris  Schlotheimii^  Pecopteris  arbo- 
rescenSy  P,  cyathea^  (Jydopteris  orbicularis^  AnntUaria  longi/oliaj 
etc. 

The  St.  B6at  marbles,  in  the  Pyrenees,  are  of  the  same  Carbon- 
iferous limestone  age. 

5.  Markings  supposed  to  have  been  made  by  man  with  sUyne 
implements  on  bones  of  a  BalcenottM  of  the  Lower  Pliocene  of  the 
vcUley  of  Fine^  Italy. — Capellini  who  described  these  markings  to 
the  K.  Accademia  dei  Lincei,  at  the  meeting  of  May  7th,  states 
that  the  Balsenotus  was  the  same  species  described  by  V  an  Beneden 
from  the  Tertiary  of  Belgium.  The  marl-bed,  containing  the  bones, 
he  identities  with  the  Superior  marl  of  the  Vatican,  belonging  to  the 
Lower  Pliocene.     His  memoir  will  soon  be  published,  with  a  plate. 

6.  SerpefUine  and  Eozoon. — Dr.  Davjrson  has  a  reply  to  the 
criticisms  of  Mr.  Hahn,  in  the  number  of  the  Annals  and  Magazine 
of  Natural  History  for  July,  and  Dr.  William  Carpenter  in  the 
number  for  June.  Dr.  Carpenter  mentions  the  discovery,  by  Prof. 
Mdbius,  of  Eiel,  in  1874,  on  a  coral  reef  off  Mauritius,  of  an  incrust- 
iDg  foraminiler,  which,  in  mode  of  growth  and  peculiarities  of 
structure,  approaches  rather  closely  the  Eozoon. 

Dr.  Dawson  states  that  Mr.  Richardson  has  found  at  Chibogo- 
moD,  Canada,  in  a  great  bed  of  olive-green  serpentine  (a  kind  an- 
alyzed by  Hunt)  a  specimen  of  tabulate  coral,  having  many  of  its 
thin-walled  hexagonal  cells  filled  vtrith  serpentine,  while  others 
were  filled  with  chlorite ;  and  that  a  dark-green  serpentine  from 
Melbourne,  Canada,  envelopes  fragments  of  shells,  crinoids  and 
corals,  and  also  penetrates  tneir  pores  and  cavities. 

Dr.  Dawson  has  described  (Quar.  Jour.  Geol.  Soc.,  Feb.,  1876) 
speoimeDS  of  Eozoon  Canadense  ft*om  Cdte  St.  Pierre,  in  the 
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Seigniory  of  Petite  Nation,  on  the  Ottawa,  in  a  limestone  of  the 
Granville  band  of  Sir  W.  R  Logan,  resting  on  bedded  dioryte. 
Sei'pentine  occurs  in  the  limestone  with  the  £k)zoon,  and  also 
there  is  some  dolomite,  much  of  it  without  the  £k)zoon  structure. 

7.  Experiments  on  Schietoaity  in  rocks^  and  on  the  deformor 
tions  of  fossils  attending  its  production  ;  by  M.  Daubr&e  (C.  R, 
Izxxii,  March  27  and  April  10,  1876.) — The  production  of  folia- 
tion in  rocks  is  here  discussed  at  length  and  illustrated  by  facts 
from  experiments;  and  the  results  are  made  by  Danbr6e  to 
include  all  examples  of  a  schistose  structure.  His  experiments 
were  made  by  the  hydraulic  press  used  by  M.  Tresca  m  similar 
researches,  and  under  the  advice  of  this  physicist.  Clay  contain- 
ing fine  sand  forced  through  a  cylindrical  aperture  was  rendered 
foliaceous  concentric  with  its  sui*face ;  and  if  mica  were  mixed 
with  it,  the  foliaceous  structure  was  very  perfect,  the  mica  scales 
having  taken  a  position  parallel  to  the  surface.  The  same  micace- 
ous clay  forced  through  a  rectangular  aperture  became  foliaceous 
parallel  to  the  surfaces  of  the  rectangular  prism  obtained,  the 
most  of  the  mica  being  parallel  to  the  larger  faces.  The  larger 
the  scale  of  mica  the  more  perfect  the  parallelism.  These  clays 
thus  made  foliaceous  called  to  mind,  strongly,  M.  Daubr^e  ob- 
serves, the  foliaceous  character  of  mica  schist  and  gneiss.  By  the 
same  process,  the  compression  of  fossils  was  illustrated  and  also 
the  occasional  subdivision  of  one  into  a  series  of  separated  parts. 
A  beleninite  was  too  firm  to  answer  for  the  experiment ;  out  a 
piece  of  chalk  cut  into  the  form  of  a  belemnite.  gave  precisely  the 
fracture  and  separation  of  parts  so  often  seen. 

Daubr6e  states  that  in  the  production  of  the  foliated  or  schistose 
structure,  there  is  a  sliding  of  the  paits  unequally  in  the  directvm 
of  the  pressure  and  movement  y  and  this  is  its  origin.  It  is  not 
necessary  that  the  substance  should  consist  of  visible  particles ; 
for  Tresca  obtained  the  structure  even  with  metallic  lead.  More- 
over a  very  slight  movement  is  sufficient  to  produce  a  distinct 
foliation ;  and  a  slow  one  conducts  to  the  same  result  as  a  rapid. 

From  the  experiments  Daubr^e  draws  the  wide  conclusion  that 
the  schistose  structure  in  gneiss  and  mica  schist,  as  well  as  that 
seen  less  perfectly  in  some  granite,  may  have  been  produced 
hg  pressure  and  movement;  and  that  in  the  region  of  Mont  Blanc, 
for  example,  movement  under  pressure  of  the  protogine  material 
when  pressed  out  in  a  plastic  condition  was  the  cause  of  all  the 
schistosity  the  rock  presents. 

Where  gneiss,  mica  schist,  quart zyte,  limestone  occur  in  alter- 
nating beds,  as  is  often  observed,  with  the  foliation  parallel  to  the 
planes  of  junction,  they  must  of  course  be  regarded  as  succe-ssive 
strata,  and  as  foliated  parallel  to  the  bedding  in  consequence  of 
the  original  bedding.  This  is  sometimes  proved  to  be  the  case 
by  the  presence  of  more  or  less  perfect  fossils  in  the  limestone. 
Hence,  the  question  whether  in  any  special  case,  the  schistose 
structure  of  gneiss  or  mica  schist  was  occasioned  bv  pressure  or 
not,  is  to  be  ascertained  by  a  direct  study  of  the  roots  in  place. 
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8.  The  Geological  and  Natural  History  Survey  of  Minnesota; 
4th  Annual  Report,  for  1875  ;  by  N.  H.  Winchell,  State  Geologist, 
assisted  by  M.  W.  Harrington.  162  pp.  8vo.  St.  Paul,  Minn. 
1876. — This  report  contains  a  Report  on  Fillmore  County,  by 
Prof.  Winchell,  and  others,  on  Olmstead,  Dodge  and  Steele  Coun- 
ties, bv  Mr.  Harrington,  together  with  a  long  table  of  railroad 
elevations,  and  a  Report  on  the  General  Museum,  by  Prof.  Win- 
chell. Colored  geological  maps  are  given  of  each  of  the  above 
named  counties,  and  also  good  illustrations  of  some  of  the  rock- 
scenery.  One  of  the  latter  represents  a  bluff  of  the  Jordan  sand- 
stone at  Lanesboro,  with  a  remarkable  concretionary  structure, 
the  concretions  of  which  vary  from  a  few  inches  to  nearly  a  foot 
in  diameter.  The  St.  Lawrence  limestone,  Jordan  sandstone  and 
Shakopee  limestone  underlie  the  St.  Peters  sandstone  and  corres- 
pond to  the  Lower  Magnesian  limestone. 

9.  Revue  de  G^ologie  of  Messrs.  Delesse  and  Lapparent.  Vol. 
xii  for  1878  and  1 874.  224  pp.  8vo.  1876.  (P.  Savy,  6diteur).— 
A  very  convenient  volume  for  the  geologist,  posting  up  the  new 
facts  and  discoveries  in  lithological,  stratigraphical  and  dynamical 
geology.     We  cite  from  it  the  following  observations : 

M.  G6rardin  has  shown  that  the  waters  of  subterranean  streams, 
feeding  artesian  wells,  contain  no  oxygen,  as  P^ligot  had  before 
shown  to  be  true  of  the  water  of  GreneTle. 

According  to  M.  Ed.  Jannettaz,  the  conductibility  for  heat  of 
slaty  rocks  is  much  the  greatest  in  the  direction  of  the  slaty  struc- 
ture. Thus  the  ratio  is  in  a  talcose  slate  (a  hydromica  slate?) 
from  the  L^nited  States  2*007  ;  in  argillyte  (phyllade)  1  '988 ;  mica 
schist  from  Aurillac  (Cantal)  1*82 ;  in  a  ferruginous  talc  slate  (hy- 
dromica slate  ?)  making  part  of  the  itacolumites  of  Guyanne,  1-87  ; 
an  argillyte  of  Angers,  1  '6. 

M.  Cossa  has  observed  that  gneiss,  granite,  trachyte,  basalt  are 
decomposed  more  rapidly  by  water  holding  gypsum  in  solution 
than  by  pure  water.  Sromann  and  Guyerdet  have  found  that 
dolomite  is  easily  decomposed  by  the  same  solution  aided  by  a 
current  of  carbonic  acid. 

10.  McCoy,  PcUeontology  of  Victoria:  Geol.  Surv.  of  Victoria; 
Decade  IlL  40  pp.  roy.  8vo.  Melbourne.  (London :  Trtlbner  & 
Co.). — This  decade  contains  descriptions  and  figures  of  remains 
of  ITiylacoleo  camifex^  of  some  trilobites  (species  of  Phacops, 
Forbesia,  Lichas,  Homalonotus),  and  of  various  MoUusks. 

11.  Report  on  a  Survey  of  a  line  to  connect  the  waters  of  the 
Neuse  and  Cape  Fear  River  in  North  Carolina^  and  of  a.  line  to 
connect  the  waters  of  Norfolk  Harbor  in  Virginia^  with  the 
waters  of  Cape  Fear  River  at  or  near  Wilmington  in  North 
Carolina;  by  Mr.  S.  T.  Abert,  U.  S.  Engineer.  Engineer 
Dept.  Senate  Ex.  Doc,  44th  Congress,  No.  35. — This  Report  con- 
tains much  valuable  matter  on  the  physical  features  of  the  coast 
region  of  North  Carolina  and  Virginia,  and  of  the  changes  which 
have  been  and  are  still  going  on  there  as  to  the  limits  and  depths 
of  the  Sound,  and  the  extent  and  outline  of  the  sea-made  lands, 
and  on  the  origin  of  those  changes. 

Ail  Joub.  Sol—Thibd  Sbbibs,  Vol.  XII,  No.  68.~Auou8T,  187S. 

10 


160  Scientific  Intelligence. 

12.  Mines  and  Mineral  Statistics  of  New  South  Wales^  compiled 
by  direction  of  the  Hon.  John  Lucas,  M.P.,  Minister  for  Mines. 
252  pp.  8to,  with  maps  and  sections.  Sydney,  1875. — Besides 
mining  statistics,  this  volume  contains  much  of  geological  interest. 
It  includes  an  essay  on  the  sedimentary  formations  of  the  country, 
by  Rev.  W.  B.  Clarke,  and  notes  on  the  Iron  and  Coal  deposits 
of  Wallerawand  and  on  the  diamond  fields,  by  Pro£  Liversidge. 

13.  Recently  formed  crystaUtzed  minerals  of  the  thermal  spring 
at  Bourbonne-leS'Bains. — Brief  notices  of  Daubr6e^8  examinations 
of  the  remarkable  mineral  transformations  at  Bourbonne-les-Bains 
have  been  given  in  volume  x  of  this  Journal,  at  pases  228  and 
391.  They  were  from  abstracts  of  his  communications  to  the 
Academic  des  Sciences  in  1875,  in  the  Comptes  Rendus,  Ixxx, 
461,  604  and  Ixxxi,  182,  834,  1008.  The  completed  memoir  has 
recently  been  published  with  some  additions,  and  is  issued  as  a 
pamphlet  of  48  pages,  by  Dunod,  Paris.  It  is  a  thorough  discus- 
sion of  the  characters,  conditions  of  occurrence,  and  modes  of 
origin,  of  the  several  species,  together  with  many  valuable  sugges- 
tions as  to  the  bearing  of  the  various  facts  on  problems  in  geology. 
We  cite  the  following  points,  not  alluded  to  in  the  previous 
notices.  The  minerals  derived  from  the  action  of  the  water  on 
bronze  objects  (medals,  etc.)  include,  besides  those  mentioned, 
also  cuprite,  chrysocolla,  oxyd  of  tin  and  melaconite ;  and  those 
from  the  action  on  lead  tubes,  cerussite  (carbonate  of  lead). 
Daubr^e  remarks  that  while  the  copper  had  formed  sulphids,  the 
tin  of  the  bronze  had  changed  to  the  oxyd,  which  is  its  usual 
condition  in  metallic  veins.  Cuprite  (oxyd  of  copper)  was  found 
in  octahedral  crystals  in  a  tube  of  bronze,  along  with  melaconite 
and  chrysocolla.  One  of  the  specimens  of  phosgenite  was  associated 
with  crystals  of  anglesite  and  had  the  cubic  form  of  galenite. 
Oicyd  of  lead  or  litharge  is  still  another  of  the  lead  products. 

The  iron  found  in  the  baths  has  in  some  places  given  rise  to  a 
hydrous  silicate  of  iron,  gelatinizing  with  acids,  as  had  been 
ODserved  by  Daubr^e  also  at  Plombi^res.  Vivianite  is  another  of 
the  iron  minerals. 

In  addition  to  the  zeolites,  chabazite,  and  harmotome,  there  is 
one  in  regular  hexagonal  prisms  which  Daubree  refers  with  a  query 
to  the  species  chalcomorphite.  Still  other  species  are  aragonite  and 
calcite,  and  an  earthy  hydrous  alumina  silicate,  related  to  halloy- 
site  or  the  material  known  as  Savon  tie  Plonthiires, 

The  whole  number  of  crystallized  species  found  to  have  been 
formed  in  the  bottom  of  the  old  Roman  well  is  at  least  twenty- 
four.  Daubree  remarks  that  they  may  be  looked  upon  as  results 
of  experiment  although  the  experiments  have  been  in  progress 
through  twenty  times  the  duration  of  a  human  life.  The  water 
contains  only  neutral  salts  in  solution,  and  has  a  temperature  from 
58®  to  t)8°  Centigrade,  It  has  made  different  compounds  accord- 
ing to  the  different  materials  that  were  bathed  by  it ;  and  these 
are  of  so  various  kinds  as  to  illustrate  well  the  association  of 
minerals  in  some  metallic  veins.    The  changes  were  produced  at 
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Bourbonne,  as  they  were  also  at  Plombi^res,  within  eight  meters 
of  the  surface,  and  at  a  temperature  but  little  elevated;  how 
great,  then,  asks  Daubr^e,  must  be  the  transformations  we 
should  witness  if  we  could  descend  to  the  deeper  parts  of  the 
conduits  of  thermal  waters;  and  what  the  changes  that  must  have 

fone  on  at  all  times  through  the  waters  penetrating  the  earth's 
eeper  rocks  and  fissures. 

1 4.  ^Further  notes  on  inclusions  in  Oems^  by  Isaac  Lea,  LL.D. 
11  pp.  8vo.  Philadelphia,  1876. — Dr.  Lea,  in  continuation  of  his 
former  paper  on  this  subject,  describes  cavities  and  minute  crys- 
tals observed  by  him  in  tourmaline ;  of  a  cubic  form  and  including 
a  fluid,  in  an  emerald ;  blue,  and  4-sided,  in  iolite ;  tubular  cavities, 
with  a  cubic  crystal  with  fluid  in  one  cavity,  in  blue  corundum  of 
North  Carolina ;  minute  acicular  crystals  in  corundum  of  Dela- 
ware Co.,  Pa.,  producing  a  bronze-like  luster;  and  other  results  of 
his  observations.  The  paper  is  accompanied  by  a  lithographic 
plate. 

15.  Geological  Map  of  Europe,-- A  small  colored  geological 
map  of  Europe  showing  the  distribution  of  stratified  rocks  has 
been  recently  published  in  Petermann^s  Geographische  Mitthei- 
lungen.  It  was  prepared  by  Habenicht,  and  is  an  excellent  map 
for  one  of  the  size — 12^^  by  16^  inches. 

16.  New  Minerals:  Ihleite^  Friedelite. — Prof  Schrauf  has  an- 
nounced a  new  mineral  under  the  name  Ihleite,  It  occurs  as  a 
yellow  effloresence  on  the  graphite  of  Mugrau,  Bohemia.  Its  com- 
position is  expressed  bv  the  formula  Fej,S30,2-|-12H20.  (An- 
zeiger,  Ak.  Wien,  March,  1876.)  Friedelite  is  a  hydrated  silicate 
of  manganese  described  by  M.  Bertrand.  Its  characters  are  as 
follows:  Rhombohedml.  Cleavage  eminent,  normal  to  the  vertical 
axis.  Two  varieties,  one  with  saccharoidal  structure,  the  mass  made 
up  of  hexagonal  lamella,  with  perfect  cleavage,  and  the  other 
very  compact,  with  the  cleavage  scarcely  visible.  Double  refrac- 
tion energetic,  axis  negative.  H.z=  4*75,  G.=:  307.  Color  rose- 
red;  streak  pinkish -white.  Transparent  in  thin  fragments,  in 
the  mass  translucent.  Composition,  the  mean  of  several  analyses : 
SiO,  36  12,  MnO  63-05  (FeO  tr),  MgO,  CaO  2*96, 11^0  7-87=100. 
Both  varieties  mentioned  give  the  name  composition ;  in  fact  they 
pass  into  one  another.  M.  Bertrand  writes  the  formula  4MnO, 
3SiO^,  2H*0  (Mn^Si30,2+2aq),  and  remarks  that  it  seems  to  be 
somewhat  similar  to  hydrotephroite  (Dana,  Min.  1868,  p.  260). 
B.B.  fuses  easily  to  a  black  glass ;  in  the  closed  tube  gives  water. 
Dissolves  in  hydrochloric  acid  with  the  separation  of  gelatinous 
silica.     With  the  fluxes  reacts  for  manganese. 

Found  at  the  manganese  mine  of  Adierville,  valley  of  Louron 
(Hautes  Pyr^n^es). —  C\  J?.,  May  15,  1876.  e.  s.  d. 

17.  Analcite  not  isometric. — Prof.  Schrauf,  (1.  c.)  from  an  ex- 
amination of  analcite  crystals  from  Friedeck,  Bohemia,  concludes 
that  the  species  (like  leucite)  cannot  be  referred  to  the  isometric 
system.  The  simplest  crystals  show  evidence  of  repeated  twinning, 
and  the  angle  between  the  cubic  planes  is  89^  30',  implying  the 


162  Scientific  Intdlu/ence, 

existence  of  a  dome  as  twinning  plane,  with  an  angle  of  44^  45', 
and  giving  the  axial  ratio  1 :  0*091.  Irregularities  in  the  optical 
properties  of  analcite  were  observed  by  Brewster.  e.  s.  d. 

18.  Angewandte  KryataUographie  (Aushildung  der  KrystalU^ 
ZwiUingsbildung^  KrystaUotektonik)  nebst  einem  Anhange  aber 
Zorietilehre^  von  A  Sadkbeck.  284  pp.  8vo,  with  23  plates. 
Berlin.  1876. — The  preBent  volume  forms  properly  the  second 
part  of  the  Elements  of  Crystallography  (of  G.  Rose)  published 
oy  Pro£  Sadebeck  in  1873.  The  object  of  the  work  is  to  describe 
orystals  as  they  actually  appear  in  nature,  not  the  ideal  forms 
which  are  of  only  theoretical  existence.  The  spt^cial  subjects  con- 
sidered are :  1.  hemimorphism  and  pseudo-symmetry,  the  latter 
arising  from  the  natural  distortion  of  crystals  in  certain  axial 
directions ;  2.  twins,  including  their  explanation  theoretically,  and 
also  an  enumeration  of  all  the  methods  or  laws  of  twinning  ob- 
served in  the  different  systems ;  3.  the  method  of  growth  of 
crvstals,  showing  how  each  individual  is  gradually  built  up  of 
minute  sub-individuals,  and  thus  giving  an  explanation  of  many 
irregularities  observed  not  only  on  the  surfaces  of  the  planes,  but 
also  in  the  interior  of  crystals.  This  last  subject  is  one  of  great 
theoretical  interest,  and  in  the  discussion  of  it  the  author  has  in- 
troduced much  matter  which  is  new  obtained  from  his  own  exten- 
sive researches ;  it  is  elucidated  by  many  excellent  figures.  The 
last  chapter  of  the  work  discusses  the  subject  of  zones,  considered 
particularly  by  means  of  the  Quenstedt  method  of  projection. 

£.  s.  D. 

19.  New  Journal  devoted  to  Mineralogy  ami  Crystallography. 
— Professor  Groth,  in  a  letter  to  the  editors  dated  Strasbourg, 
May  28th,  1876,  announces  the  commencement  of  a  new  Journal 
for  special  mineralogy.  The  plan  of  this  Journal  embraces  the 
following  subjects  : — tneoretical,  physical  and  chemical  crystallog- 
raphy; investigations  in  regard  to  artificial  crystals;  mono- 
graphs of  single  minerals  especially  in  relation  to  crystallography  ; 
memoii*s  on  the  chemical  composition  and  artificial  production  of 
minerals,  descriptions  of  their  methods  of  occurrence,  their  deter- 
mination under  the  microscope;  in  a  word  the  Journal  will  cover 
the  whole  field  of  mineralogy,  with  the  exclusion  of  geology. 
The  leading  mineralogists  of  Germany  and  Austria  are  all  inter- 
ested in  the  project,  and  it  is  desired  tnat  those  of  other  countries 
should  also  lend  their  support  so  that  the  Journal  may  gradually 
assume  an  international  character.  In  addition  to  the  original 
papers  it  is  proposed  to  include  references  to  mineralogical  work 
wherever  published.  There  are  to  be  from  six  to  eight  numbers 
during  the  year,  appearing  every  six  ©r  eight  weeks  with  the  ex- 
clusion of  the  vacation  months.  The  chief  editorial  duty  will  be 
performed  by  Prof.  Groth,  with  the  especial  cooperation  of  Prof. 
G.  vom  Rath  of  Bonn,  and  Prof.  Klein  of  Heidelberg.  The  pub- 
lisher is  Engelmann  of  Leipzig. 

The  plan  deserves  the  hearty  support  of  all  interested  in  this 
department  of  science. 
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III.  Botany  and  Zoology. 

1.  The  Oaks  of  the  United  States ;  by  Dr.  Gkobge  Engbl- 
MANN.  Reprinted  from  the  Transactions  of  the  Academy  of 
Science,  of  St.  Louis,  Missouri,  vol.  iii,  no.  3.  1876. — Only  20 
pages;  but  they  are  wholly  to  the  purpose,  and  contain  the  lead- 
ing results  of  the  long  and  close  scrutiny  which  Dr.  En^elmann 
has  given  to  this  vexed  genus  of  trees.  The  paper  begins  with 
an  account  of  the  deceptive  character  of  the  common  western  oaks, 
as  exemplified  by  the  common  scrub  oak  of  the  Rocky  Mountains, 
basing  his  narrative  upon  his  personal  observations  of  its  forms  in 
the  valley  and  on  the  bordering  bluffs  and  precipices,  where  the 
Arkansas  leaves  the  mountains  at  CafLon  City,  Colorado.  Here, 
at  different  heights  and  exposures,  he  found  Quercus  Gambelii 
{Q,  steWttft^  var.  Uthensis,  DeC),  Q,  Gwtnisoni,  Q,  vndidcUa^ 
described  by  Torrey  long  ago  from  this  district,  Q,  pungens  of 
Liebman,  in  part,  Q,  oolongifolia^  Q,  grisea^  and  Q,  Drum" 
tnondii  of  Liebman, — '*  in  herbarium  specimens  all  distinct  enough, 
but,  looking  around  us,  the  very  abundance  of  material  must 
shake  our  confidence  in  our  discrimination  [since]  within  the  com- 
pass of  a  few  hundred  vards  we  find  not  only  the  forms  above 
distinguished,  but  numoers  of  others,  neither  the  one  nor  the 
other,  but  which  are  intermediate  between  them,  and  clearly 
unite  them  all  as  forms  of  one  single,  polymorphous  species.  If 
one  oak  behaves  thus,  why  not  others  ?  Thrown  upon  a  sea  of 
doubt,  what  can  guide  us  to  a  correct  knowledge  ?" 

Dr.  En^elmann  reviews  the  principal  characters,  one  by  one,  to 
settle  their  relative  value ;  and,  in  doing  so,  brings  out  the  main 
general  results  of  his  protracted  and  patient  investigations  in  this 
field.  The  trunk,  as  to  size  attained,  while  it  gives  character  to 
eastern  species  (only  the  southern  live  oak  occurring  both  as  laree 
tree  and  shrub,  and  equally  fruitful  in  both  forms),  fails  on  the 
Pacific  slope  to  be  a  specific  distinction.  "  Examining  the  hark^ 
we  at  once  become  aware  of  the  fact  that  the  popular  distinction 
between  'white  oaks'  and  *  black  oaks'  is  basea  on  correct  ob- 
servation. The  paler,  ashy-gray  bark  of  the  former,  and  the  darker 
or  of^^^en  nearly  black  color  of  the  latter,  correspond  with  the  es- 
sential characters,  and  mark  the  two  principal  groups  of  our 
American  oaks.  The  bark  of  the  white  oaks  is  inclined  to  be 
Hcaly  or  flaky,  that  of  the  black  oaks  is  usually  rougher  and  deeply 
cracked  or  furrowed."  "  Moreover,  the  wooa  of  the  white  oaks  is 
touglier,  heavier,  and  more  compact ;  is  the  only  oak  wood  fit  to 
be  used  by  the  wheelwright  or  cooper,  and  is,  for  their  purposes, 
unsurpassed.  The  wood  of  the  black  oaks  is  brittle  and  porous, 
makes  poorer  fire- wood,  and  in  barrels  holds  only  dry  substances." 
Dr.  Engelmann  states  that,  "  instead  of  making  narrower  and  nar- 
rower rings  as  they  grow  older,  the  oaks  either  hold  their  own, 
the  annual  rings  being  as  wide  in  age  as  in  youth,  or  they  grow 
more  rapidly  ailer  the  first  50,  100,  or  even  150  years  of  their  ex- 
istence." 
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The  winter  biidrt  pive  characters  in  some  species.  As  to  the 
shape  of  the  leaves,  so  extremely  variable,  it  is  remarked,  ^'that 
those  oaks,  which  in  the  perfect  state  have  deeply  lobed  or  pinnati- 
fid  leaves,  show  in  young  shoots  and  on  adventitious  branchlets 
less  divided  or  even  entire  leaves ;  while,  singularly  enough,  the 
oaks  whose  leaves  in  the  adult  tree  are  entire,  or  nearly  so,  often 
have  on  the  young  shoots  dentate  or  lobed  leaves." 

The  vernation  of  the  leaves,  although  more  commonly  condupli- 
cate,  both  in  white  and  black  oaks,  furnishes  other  types,  which 
Dr.  Engelmann  has  first  brought  into  prominent  view,  and  finds 
of  great  account  in  distinguishing  allied  species  and  doubtful  vari- 
eties, and  in  unravelling  intricate  questions  of  hybridity  or  affinity. 
The  nature  of  the  down  on  young  leaves  may  also  be  turned  to  use. 
The  venation  occasionally  enables  easily  confounded  species,  such 
as  Q,  agrifolia  and  Q,  nializeni^  to  be  distinguished  even  in  ster- 
ile branchlets. 

The  persistence  of  the  leaves  is  a  good  character  in  some  species, 
while  in  others  it  is  of  no  account.  The  leaves  of  some  oaks  pei^ 
sist  even  to  the  third  year.  "  Only  such  oaks  ought  to  be  called 
evergreen  which  retain  the  greater  part  of  their  old  leaves,  at  least 
until  the  new  ones  are  fully  grown." 

In  the  male  flowers  the  size  and  number  of  the  anthers  furnish 
good  distinctions,  being  small  and  mostly  5  to  10  in  the  white 
oaks,  four  or  sometimes  5  to  6  and  larger  in  the  black  oaks ;  the 
pubescence  of  the  anthers  distinguishes  a  few  species,  while  their 
cusp  is  variable  in  several.  The  female  flowers  distinguish 
the  principal  groups,  especially  the  styles,  which  in  the  white 
oaks  are  sessile  or  nearly  so;  in  the  black  oaks  always  on  longer 
and  spreading  or  recurved  styles.  The  annual  or  biennial  matura- 
tion of  the  acorn,  first  indicated  by  Michaux,  and  the  persistence 
and  position  of  the  abortive  ovules,  indicated  by  Alph.  DeCandoUe 
(in  white  oaks  at  the  base,  in  black  oaks  near  the  tip  of  the  per- 
fect seed),  and  the  scales  of  the  acorn  cup  (thick  and  knobby  in 
white,  thin  and  membranaceous  in  the  black  oaks),  are  likewise 
noted.  The  comparatively  thin  shell  of  the  acorn  in  white  oaks 
is  dark  and  smooth  within,  or  rarely  pubescent ;  in  the  black  oaks 
the  shell  is  thicker  and  lined  with  a  silky  down. 

All  these  matters  relate  to  the  true  oaks  (section  LepidohcUanu9\ 
with  scaly  acom-cups,  pendulous  male  catkins  wholly  apart  from 
the  solitary  or  distant  female  fiowers.  But  in  California  we  have, 
in  Q,  densiflora  a  representative  of  the  otherwise  Asiatic  sub- 
genus, Androgyne^  "in  many  respects  more  a  chestnut  than  an 
oak;  for  it  has,  just  like  the  chestnuts,  dense-flowered  and  erect 
male  spikes,  10  stamens  to  each  flower,  very  small  anthers  on  long 
filiform  filaments,"  female  flowers  crowded  at  the  base  of  the  male 
catkins,  linear  pointed  stigmas,  and  a  spinose  cup,  which,  how- 
ever, is  that  of  an  oak  rather  than  like  the  prickly  involucre  of  the 
chestnut. 

The  paper  continues  with  a  systematic  enumeration  of  the  38 
recognized  species,  and  notes  are  appended  to  about  half  of  them. 
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Finally,  hybrid  oaks  are  discussed ;  and  six  well  determined  ones 
are  enumerated  as  known  to  the  writer,  three  of  which  have  been 
described  as  species,  namely:  Q.  Leana^  Q.  tridentata,  and  Q. 
sinuata.  One  parent  of  four  of  these  hybrids  is  Q,  imbricaria ; 
of  the  other  two,  Q.  cinerea.  The  fact  tnat  some  species  of  a  ge- 
nus are  more  prone  to  hybridize  than  others — which  is  also  true 
of  Verbena — is  curious.     Most  botanists  will  learn  with  some  sur- 

Erise  that  Q.  heterophyUa  of  Michaux  is  received,  not  as  a  hybrid, 
ut  as  a  well-marked  species,  of  the  PheUos^  laurifolia^  and  aquat- 
ica  group.  Dr.  Engelmann's  six  real  hybrids  are  aU  of  the  Black 
oak  group:  this  group  never  crosses  with  White  oaks;  and  no 
hybnd  of  the  latter  group  is  known  to  our  author.  The  black 
oaks  are  now  unknown  in  Europe ;  but  we  learn  that  they  existed 
there,  along  with  white  oaks,  in  the  tertiary  period. 

It  must  be  difficult  to  discriminate  between  hybrids  and  inter- 
mediate forms  of  variation  where  the  usual  character,  the  sterility 
of  the  hybrid,  is  wanting,  "  and  where  we  have  nothing  to  rely  on 
but  the  rarity  and  individuality  of  a  form  that  seems  to  stand 
intermediate  between  two  well  established  species  which  occur  in 
its  neighborhood,  and  which  could  be  considered  its  parents.  This 
is  just  the  case  in  Oaks.  All  the  supposed  hybrids  are  abundantly 
fertile,  and  those  of  their  acorns  that  have  been  tested  have  well 
germinated ;  in  fact,  as  far  as  I  know,  no  difference  in  fertility  or 
germinating  power  between  them  and  the  acknowledged  species 
has  been  discovered.  The  seedlings  of  such  questionable  individ- 
uals do  not  seem  to  revert  to  a  supposed  parent,  a  sport  of  which 
they  might  claim  to  be,  but  they  propagate  the  individual  peculiar 
ities  of  the  parent — '  come  true,'  as  the  nurserymen  express  it.  At 
the  same  time  it  is  a  remarkable  fact,  that,  notwithstanding  their 
fertility,  they  do  not  seem  to  propagate  in  their  native  woods. 
We  may  properly  ascribe  this  to  a  lesser  degree  of  vitality  in  the 
hybrid  progeny,  which  causes  them  to  be  crowded  out  in  the 
struggle  for  existence."  There  is  another  reason,  to  us  a  more 
probable  one.  The  hybrid  tree,  when  isolated  in  cultivation,  is 
likely  to  self-fertilize  and  so  be  continued  in  its  progeny;  but  in 
its  native  forest,  surrounded  and  dominated  by  its  two  parents, 
its  female  flowers  will  almost  inevitably  be  fertilized  by  the  pollen 
of  one  or  the  other  of  them  and  so  brought  back  in  the  progeny  to 
that  species.  Indeed  a  single  tree,  so  situated,  practically  has  al- 
most no  chance  at  all  of  perpetuating  its  kind.  a.  o. 

2.  M,  Gristave-Adolph^  Thuret ;  Equisae  Biograp/tique /  par 
M.  Ed.  Boenet. — This  is  the  title  of  an  article  in  the  latest  num- 
ber of  the  Annates  des  Sciences  NaiureUes^  an  interesting  and 
worthy  tribute  by  Dr.  Bomet  to  the  director  and  companion  of 
his  studies  and  researches,  to  whom  is  left  the  sacred  duty  of 
completing  them,  so  far  as  possible.  To  the  full  biography  is 
appended  a  catalogue  of  M.  Thuret's  scientific  publications.  The 
best  and  fullest  notice  of  Thuret  in  the  English  language  is  one 
by  Dr.  Farlow,  of  Harvard  University,  contributed  to  Tidmen's 
Journal  of  Botany  at  the  beginning  of  the  year.  ▲.  g. 
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3.  Fragmenta  Phytographice  AustralicB^  contulit  Liber  JBaro 
Fbrdinandus  de  Mubllfr.  Vol  IX.  Melbourne,  1876. — ^This 
ninth  volume  bears  testimony  to  the  untiring  industry,  zeal,  and 
ability  with  which  Dr.  Von  AltlUer  keeps  up  his  investigations 
into  the  botany  of  the  adopted  country  for  which  lie  has  done  so 
much  in  various  ways;  and  his  Descriptive  Notes  on  Papuan 
Plants,  and  other  publications  upon  the  botany  of  the  Pacific 
Islands,  show  how,  from  his  vantage  ground,  he  widens  the  already 
ample  field,  making  the  most  of  opportunity,  ever  active  him- 
self, and  inciting  and  directing  the  activity  and  advantages  of 
others.  a.  g. 

4.  Flora  BrasiliensiSj  ed.  Aug.  Guil.  Eiohleb. — The  Com- 
positoB  of  this  great  flora  are  undertaken  by  Mr.  J.  G.  Baker  of 
Kew,  a  new  hand  in  this  order,  but  capable  of  doing  good 
work  in  this  department,  as  well  as  among  the  Monocot^edons. 
Fascicle  62,  issued  in  1873,  contained  the  Vernoniacecey  with  50 
plates.  Fasc.  69,  issued  early  in  the  present  year,  contains 
the  Eupatoriacece,  with  52  plates.  The  two  fascicles  compose 
vol.  vi,  part  2,  with  398  pages  of  letterpress  and  102  plates.  The 
enlightened  and  active-minded  emperor,  Dom  Pedro,  may  be  well 
pleased  at  having  such  a  flora  of  his  empire,  and  at  the  prospect 
of  its  early  completion.  a.  g. 

5.  The  Forest :  Products  of  Michigan  at  the  CentennicU  Expo- 
sition ;  by  Prof.  J.  W.  Beal,  of  the  State  Agricultural  CoUeffe. — 
A  pamphlet  of  16  pages,  8vo,  giving  an  account,  not  only  ot  the 
collection  exhibited,  but  of  the  trees  of  the  State,  both  the  com- 
mon and  the  rare  species,  their  characteristics  and  their  uses. 
There  is  a  record  oi  the  larger  trees  of  each  species  known  in 
Michigan,  which  is  now  interesting  and  may  hereafter  become 
more  so,  if  the  individual  trees  are  well  identified.  As  to  high 
trees :  "  At  Clam  Lake  an  old  lumberman  informed  me  that  be 
could  furnish  spars  of  pine  175  feet  long  and  not  over  two  feet 
through  at  the  butt.     He  had  cut  them  200  feet  long."        a.  g. 

6.  Contributions  to  the  Flora  of  Iowa,  a  catalogue  of  the 
Phasnogamons  plants;  by  G.  C.  Arthur.  1876. — A  neat  cata- 
logue; with  an  appendix  containing  descriptions — generic  and 
specific— of  the  species  detected  in  Iowa  winch  are  not  in  Gray's 
Manual,  twenty  or  so  in  number,  and  good  notes  upon  some 
others.  a.  q. 

7.  Locust  invasion  o/ ISli, — Mr.  G.  M.  Dawson  has  published 
a  paper  in  the  Canadian  Naturalist  on  the  Locust  invasion  of  the 
country  north  of  the  United  States.  He  remarks  that  they  ap- 
peared in  Manitoba  in  1818,  and  from  there  have  caused  serious 
destruction  in  ten  years,  and  been  observed  fifteen  seasons.  In 
1874  none  were  hatched  from  the  egg  east  of  the  103d  meridian, 
but  in  Dakota,  some  weie  hatched  as  far  east  as  99°  W.  The  in- 
vasion in  1874  began  late  in  June  and  continued  during  July,  the 
direction  of  flight  being  between  ea«t  and  south.  The  most 
astonishing  fact  "is  the  fixed  determination  of  the  swarms  to 
travel  in  a  certain  direction,  and  the  wonderful  instinct  which 
leads  them  to  a  wind  favoring  their  intention.''     One  year  they 
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reached  the  shores  of  the  Lake  of  the  Woods,  long.  96°  W.  They 
do  not  eat  sorghum  or  brown  com,  and  the  Legumino8€B  (pea  and 
bean  family)  are  decidedly  disliked,  while  potatoes,  tomatoes,  and 
beets  are  usually  exempt.  Mr.  Dawson  asks  whether  this  dislike 
for  LeguminoaoB  may  not  account  for  the  existence  of  a  vast  num- 
ber of  such  plants  on  the  western  plains. 

8.  United  States  Geological  Suroey  of  the  Territories.  Volume 
X,  Monograph  of  the  Qeometrid  Mothe^  by  A.  S.  Packard. 
Washington,  1876.  4to,  with  13  Plates. — This  is  the  first  complete 
treatise  on  the  North  American  species  of  the  families  of  moths 
which  Dr.  Packard,  following  Guen^e,  calls  PhalcenidcB,  The  work 
is  of  extreme  value  in  the  present  state  of  our  knowledge  of  this 
group,  for  it  presents  us  with  a  compilation  of  the  literature,  and 
from  its  original  matter  it  must  remain  a  standard  of  reference  on 
the  subject.  Between  three  and  four  hundred  species  are  described 
in  the  present  work,  while  the  author  estimates  the  probable  num- 
ber of  species  occurring  over  our  territory  as  "  nearly  a  thousand.** 
In  the  allied  family  of  NoctuidoB  we  have  catalogued  nearly  twelve 
hundred  species,  and  estimate  the  number  of  species  at  over  fifteen 
hundred.  Dr.  Packard's  work  is  remarkable  for  the  amount  of 
labor  expended  on  the  generic  and  specific  descriptions,  which 
cannot  be  undervalued.  The  introductory  chapters  are  of  special 
interest,  as  also  the  concluding  essay  on  geographical  distribution. 
We  miss  an  analytical  table  of  the  genera.  In  a  work  of  this  pre- 
tension it  should  not  be  wanting.  The  author  finds  occasion  to 
prefer  De  la  Guen^e's  work  (Species  G6n6rales)  to  Lederer's  on  the 
moths.  It  is  undoubted  that  Guen6e's  work  on  the  PhalcenidcB  is 
superior  to  his  work  on  the  NoctuidcE.  In  the  latter  family  we 
have  found  his  genera  largely  inconsistent,  and  throughout  impor- 
tant characters  (e.  g.  the  vestiture  of  the  eyes,  the  armature  of  the 
tibiae,  etc.,)  are  totally  neglected.  We  place  his  systematic  work 
as  undoubtedly  lower  than  Lederer's,  who  stands  at  the  head  of 
all  writers  on  the  subject  of  genera  in  the  two  great  families  of  the 
moths  above  mentioned.  To  Guen^e  we  are  disposed  to  give  the 
greatest  praise  for  his  descriptions  of  species.  Dr.  Packard  begins 
his  work  with  the  lower  genera,  ascending  to  the  higher ;  so  that 
the  usual  arrangement  of  the  material  is  reversed.  In  the  absence 
of  a  similar  treatment  of  the  other  families  of  Lepidoptera,  this 
change  is  a  disadvantage  to  the  student  in  arranging  his  collections. 

In  the  synonymy  Dr.  Packard  adopts  the  llUbnenan  genera,  from 
the  Tentamen,  as  Mr.  Scudder  has  done  with  regard  to  the  But- 
terflies and  we  have  done  in  the  NoctuidfP-  (List  of  the  N.  Am. 
Noctuidce.^  1874).  No  other  course  is  open  to  the  systematist.  Dr. 
Packard  is  fortunate  in  having  so  large  material  as  to  be  able  to 
unite  several  species  hitherto  regarded  as  distinct  (e.  g.  the  species 
of  Drepanodes  and  EUopia) ;  with  regard  to  the  species  of  EUopia 
Dr.  Packard  says :  "  If  I  had  had  Mr.  Grote's  types  alone  of  male 
JK  bibiUaria  and  female  pellucidaria^  I  should  have  regarded 
them  as  distinct.'*  Perhaps  in  uniting  Endropia  amcenaria  and 
E.  arefactaria  Dr.  Packard  may  prove  less  fortunate.  In  the 
generic  names  adopted  we  find  a  few  which  will  not  stand.     En- 
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gonia  is  preoccupied  in  the  Butterflies.  BkUrapela  must  be  used 
for  Kentaria  and  AlcipheaHa ;  CJuxrodet  for  the  genus  called  Eu- 
trapela  by  Dr.  Packard.  The  plates  are  worthy  of  great  praise, 
and  will  bear  the  most  critical  inspection.  The  numerous  general 
figures  were  drawn  on  stone  by  Trouvelot.  Dr.  Hay  den  is  to  be 
heartily  congratulated  on  the  publication  of  this  volume,  which 
reflects  much  credit  upon  his  judgment  and  the  scientific  stand- 
ing of  the  Geological  Survey,  and  Dr.  Packard  deserves  the  grati- 
tude of  entomologists  for  his  treatment  of  the  subject,      a.  r.  g. 

9.  Tabulate  (JoraU, — Dr.  G.  Lindstrdm,  in  a  paper  a  transla- 
tion of  which  is  given  in  the  Ann.  Mag.  Nat.  Hist,  for  July,  dis- 
cusses with  judgment  the  relations  of  the  tabulated  corals.  He 
refers  the  MiUepora  to  the  Hydroids  (adopting  Agassiz's  conclu- 
sion) ;  Favosites  to  the  Poritinae  (following  Verrill)  with  Itcemena^ 
Striatopora  Hall,  etc. ;  I/eliolif^,  Halysttes^  LyeUia  K  <fe  H., 
JPlaemopora  (with  Proporn)  E.  &  H.',  Calapoecia  Billings, 
TTiecostegitea  E.  &  H.,  to  the  HeliolitidsB ;  Heliopora  and  Poly- 
treniacis  to  the  Alcvonaria;  ChcBtetee,  MarUiculiporay  Dania^ 
SteUipora^  A  Iveolitee  m  part,  Ftstulipora  in  part,  to  the  Bryozoa : 
PociUopora  (following  Verrill)  to  the  Ocuhnidae,  with,  probably 
Seriatopora  ;  Columnaria^  to  the  CyathopyllidsB ;  FUtcheria  and 
Michelinia  to  the  Cystiphyllidfe ;  Syringopora,  to  the  vicinity  of 
Lithostrotion  and  Diphyphyllum. 

10.  Hqfineitf/iie^s  Ichthyologia  Ohiensis. — Dr.  D.  S.  Jordan  has 
a  paper  giving  the  equivalents  in  modem  nomenclature,  so  far  as 
were  ascertainable,  of  the  species  of  fishes  named  by  Rafinesque, 
in  the  Bulletin  No.  8  of  vol.  iii  of  the  Buffalo  Society  of  Natural 
Sciences.  The  same  number  contains  also  a  check-list  of  the  fishes 
of  the  freshwaters  of  N.  America  by  Dr.  Jordan  and  H,  E.  Cope- 
land,  and  a  synonymic  list  of  the  Butterflies  of  N.  America,  north 
of  Mexico,  by  S.  H.  Scudder. 

11.  Synopsis  of  American  Wasps;  by  Henri  de  Saursure  of 
Geneva,  Switzerland.  Solitary  Wasps.  Smithsonian  Miscellaneous 
Collections,  No.  254.  386  pp.  8vo,  with  4  plates.  Washington, 
December,  1875. 

12.  T.  Lyman,  on  OphiuridcB  and  Astrophytidm  collected  by  the 
Hapsler  Expedition  and  Dr.  Wm.  Stinipson.  Illustrated  Catalogue 
of  the  Mus.  Comp.  Zool.  at  Harvard  College.  No.  VUL  34  pp. 
4to,  with  five  excellent  plates. 

13.  Bulletin  of  the  TJ,  S.  National  Museum^  published  under  the 
direction  of  the  Swithsonian  InMitution^  No.  4.  Birds  of  South- 
western Mexico,  collected  by  F.  E.  Sumichrast,  prepared  by  G.  N. 
Lawrence.  56  pp.  8vo. — No.  5.  Catalogue  of  the  Fishes  of  the 
Bermudas,  by  G.  Brown  Goode.     82  pp.  8vo.     Washington,  1876. 

Catalogue  of  the  Stalk-  and  Sessile-Kyed  Crustacea  of  New  Zealand,  by  Edward 
J.  Miers,  F.L  S.,  Assist.  Zool.  Dept.  Brit.  Mus.,  Colonial  Museum  and  Geological 
Survey  Department,  James  Hector,  M.D.,  Director.  136  pp.  8vo,  with  3  platee. 
Londoa  1876. 

Catalogue  of  the  Birds  of  Kansas,  by  F.  H.  Snow.  3d  ed.  14  pp.  8vo. 
Nov.,  1875. 

List  of  Skeletons  and  Crania  in  the  Section  of  Comparative  Anatomy  of  tlM 
n.  8.  Army  Medical  Museum. 
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rv.  Miscellaneous  Scientific  Intelligence. 

1.  On  Oceanic  Circttlation  ;  by  Wm.  B.  Carpenter. — The  very 
decided  expresRion  of  opinion  on  the  part  of  Professor  Wyville 
Thomson,  to  which  currency  is  given  in  the  Athenaum^  against 
the  doctrine  of  "  a  general  vertical  circulation  of  the  water  of  the 
ocean,  depending  on  differences  of  specific  gravity,"  is  far  from 
being  decisive  of  the  question ;  and  might,  perhaps,  have  been 
advantageously  withheld,  until  my  friend  should  have  learned,  on 
his  return  home,  what  progress  has  been  made  towards  its  solution 
by  physical  inquiry,  during  his  three  and  a  half  years'  absence. 

It  he  had  been  present  at  the  Bristol  meetmg  of  the  British 
Association,  he  would  have  learned,  from  Mr.  Froude's  experi- 
mental confirmation  of  the  "  wave-line  theory"  of  our  greatest 
mathematical  physicists,  thsLl/riction  of  teaser  upon  water  is  so 
small  an  obstacle  to  its  movement,  that  it  may  be  practically  dis- 
regarded ;  so  that  very  small  disturbances  of  the  static  equilibrium 
of  ocean  water — whether  produced  by  diversities  of  temperature, 
or  by  alterations  of  its  salinity — must  give  rise  to  a  movement 
tendmg  to  its  restoration,  without  the  necessity  of  any  appreciable 
"gradient."  And  he  might  have  ftirther  received  from  Mr.  Froude 
(as  I  hail  the  advantage  of  doing)  the  confirmatory  evidence  on 
this  point  furnished  by  his  extended  observations  on  harbors,  lochs, 
and  fiords ;  to  the  eflfect  thut  wherever  the  specific  gravity  of  the 
Burface-water  of  any  such  inlet  of  the  sea  is  reduced  by  a  river 
efflux,  an  under-current  of  sea-water  is  forced  inwards  by  the  excess 
of  pressure  outside.  At  the  same  meeting,  my  friend  would  have 
heard  Sir  William  Thomson,  commenting  upon  Mr.  Croll's  asserted 
disproof  of  the  "gravitation  theory,"  give  the  full  weight  of  hie 
great  authority  to  the  doctrine  (originally  propounded  by  Lenz  in 
1845)  of  a  vertical  oceanic  circulation  sustained  by  opposition  of 
temperature;  Sir  William  emphatically  declaring  it  to  be  a  matter 
"  not  of  opinion,  but  of  irrefragable  demonstration." 

If,  again.  Prof,  Wyville  Thomson  had  enjoyed  the  advantage  of 
meeting  the  distinguished  foreign  physicists,  Prof,  Mohn,  of 
Christiania,  and  Profl  Buys  Ballot,  of  Utrecht,  who  recently  came 
over  to  attend  the  Meteorological  Congress  in  London,  he  would 
have  found  them  entirely  satisfied  of  the  truth  of  the  gravitation 
doctrine ;  and  would  have  received  from  the  former  the  following 
remarkable  exemplification  of  it : — 

Outside  the  coast  of  Norway,  there  is  a  deep  channel,  along 
which  a  flow  of  glacial  water  can  be  traced  southward  as  far  as 
the  Cattegat.  This  flow  cannot  possibly  be  accounted  for  by  any 
**  excess  of  evaporation  over  precipitation ;"  for  it  proceeds  towards 
an  area  that  receives  a  large  river  efliux  from  the  Christiania  fiord, 
as  well  as  the  efflux  of  weakly-saline  water  from  the  Baltic.  And  it 
is  unhesitatingly  attributed  by  Prof.  M5hn  to  the  relative  excess  of 
downward  pressure  over  the  northern  end  of  the  trough,  constantly 
maintained  by  the  redaction  of  downward  pressure  over  its  south- 
em  extremity,  which  results  from  the  admixture  of  fresh  water. 
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Until,  therefore,  Prof.  Wyville  Thomson  shall  have  been  able 
to  disprove  these  results  of  combined  theoretical  and  practical 
research,  by  showing  that  diflferences  of  specific  gravity,  produced 
by  differences  either  of  temperature  or  of  salinity,  will  not  produce 
movements  in  oceanic  water  tending  to  the  restoration  of  its  dis- 
turbed equilibrium,  I  venture  to  affirm  that  his  dictum  will  not 
find  acceptance  with  the  physicists  who  have  most  carefully 
studied  tlie  question.  His  present  doctrine,  that  the  underflow  of 
polar  water  is  an  indraught  due  to  "the  excess  of  evaporation 
over  precipitation,"  is  as  much  opposed  to  physical  theory  as  his 
former  doctrine  that  the  indraught  is  due  to  the  sweeping  away 
of  equatorial  water  by  the  trade  winds,  which  was  unhesitatingly 
pronouncied  untenable  by  the  distinguished  physicists  who  £s- 
cussed  it  at  the  last  Edinburgh  meeting  of  the  British  Association. 
For  they  were  unanimous  in  affirming  that  a  removal  of  surface- 
water  from  any  area  will  be  replaced  by  a  surface  inflow  (where 
this  is  unrestricted),  rather  than  by  an  indraught  from  beneath. 
And  it  seems  to  me  no  less  in  contradiction  to  the  &cts  of  the 
case.  For  the  Challenger  observations  have  afforded  the  fullest 
confirmation  of  the  two  fundamental  positions  of  Lenz's  doctrine : 
— (1)  The  near  approach  of  polar  water  to  the  surface  under  the 
equator ;  and  (2)  The  marked  inferiority  in  the  salinity  of  equa- 
torial surface-water  as  compared  with  tnat  of  the  tropics.  The 
first  of  these  facts  shows  that  the  updraught  of  polar  water  is 
nowhere  so  strong  as  it  is  under  the  equator ;  the  second  proves 
that,  in  some  way  or  other,  the  loss  by  evaporation  in  the  equa- 
torial area  is  more  than  replaced,  so  that  it  can  occasion  no  such 
updraught. 

These  two  facts  were  considered,  by  one  of  the  ablest  physicists 
of  his  time,  as  capable  of  no  other  explanation  than  that  afforded 
by  the  doctrine  of  a  vertical  oceanic  circulation,  of  which  the 
prlmuin  mobile  is  the  excess  in  the  specific  gravity  of  polar  water, 
causing  its  continual  descent  and  a  complemental  ascent  in  the 
equatorial  zone. 

I  am  far  from  affirming  that  "  excess  of  evaporation  over  precip- 
itation" has  no  influence  in  producing  movements  of  ocean  water; 
on  the  contrary,  I  have  shown  that  it  is  the  vera  caasa^  not  only 
of  the  surface  in-current,  but  of  the  outward  under-current,  of  the 
Gilbraltar  Strait.  And  it  is,  doubtless,  one  of  the  agencies  at 
work,  whenever  it  operates  strongly  over  a  localized  area. 

The  problem  of  Oceanic  Circulation,  in  fact,  is  rendered  one  of 
great  complexity  by  the  number  of  such  agencies,  and  the  great 
variety  in  the  local  conditions  under  which  they  respectively 
operate.  And  since,  in  the  discussion  of  the  vast  body  of  valuable 
observations  collected  by  the  Challenger,  it  will  be  of  the  first 
importance  that  the  principles  on  which  that  discussion  is  to  be 
based  should  be  settled  by  the  highest  authorities  in  physical 
science,  I  trust  that  at  the  ensuing  meeting  of  the  British  Associa- 
tion at  Glasgow,  an  opportunity  may  be  provided  for  a  full  and 
free  debate,  in  which  Prof.  Wyville  Thomson,  Mr.  Croll,  and  I, 
may  set  forth  our  respective  views  in  friendly  antagonism,  and 
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may  submit  them  to  the  judgment  of  the  distinguished  physicists 
who  will  doubtless  be  there  assembled. 

To  such  a  judgment  I  pledge  myself  implicitly  to  bow ;  no  one 
being  better  aware  than  myself  of  the  disadvantage  under  which 
I  labor  in  possessing  no  more  than  an  elementary  knowledge  of 
physical  doctrine. — Athenceunij  May  13. 

2.  Bedamation.  —  Letter  to  the  JEditora^  from  Mr.  George 
Davidson,  U.  S.  Coast  Survey^  dated  San  Francisco,  March  7, 
1876. — In  the  March  number  of  your  Journal  (No.  63,  vol.  xi,) 
Article  xxix,  by  Professor  Loveriug,  the  statement  is  made  that 
"  the  late  Professor  Winlock  \\x\  February  and  March,  1 869]  sent 
electrical  sis^nals  from  Cambndge  to  San  Francisco,  and  thence 
by  other  lines  to  Canada,  and  back  again  to  Cambridge,  over  a 
loop  of  wire  measuring  7200  miles." 

Professor  Winlock  and  I  were  always  in  full  accord  in  this  and 
other  matters,  and  I  am  sure  he  never  made  the  above  claim.  On 
the  contrary,  he  gave  me  full  credit  for  the  inception  of  thS  experi- 
ments, and  the  successful  determination  of  the  wave  time  over  a 
loop  of  wire  of  7200  miles  with  the  batteries  and  repeaters  in 
line.  The  experiment  was  a  necessary  consequence  of  the  tele- 
graphic longitude  operations  of  the  United  States  Coast  Survey 
between  Cambridge  and  San  Francisco. 

Moreover,  the  experiment  was  not  made  at  Cambridge;  it  was 
made  by  me  in  the  Coast  Survey  Observatory  at  San  Francisco, 
and  the  loop  was  made  by  Professor  Winlock  at  Cambridge.  The 
signals  were  transmitted  from  my  clock  to  Cambridge,  and  to 
other  stations  and  back ;  and  as  Cambridge  did  not  have  the 
necessary  instrument  for  such  a  record,  Professor  Winlock  devised 
a  means  of  sending  and  receiving  clock  signals  over  a  single  wire  ; 
unfortunately  the  cable  across  the  Golden  Gate  broke  after  passing 
the  first  series,  and  no  more  were  undertaken. 

The  whole  work  is  fully  detailed  in  the  records  of  the  Coast 
Survey,  and,  by  permission  of  the  Superintendent,  the  results  and 
modus  operandi  were  verbally  communicated  by  me  to  the  Cali- 
fornia Academy  of  Sciences. 

If,  however,  the  details  of  my  work  and  of  Professor  Winlock's 
device  are  of  any  interest  to  experimentalists,  I  can  readily  supply 
them  from  the  original  memoranda. 

3.  Men  of  Science^  from  abroad^  at  the  U,  S,  International 
Exhibition, — No  occasion  has  before  drawn  together  so  many  dis- 
tinguished men  of  science  from  abroad,  in  various  departments,  as 
the  (/cntennial  Exhibition  at  Philadelphia.  Without  attempting 
to  enumerate  all  whose  names  might  properly  be  mentioned  in 
this  relation,  we  recall,  from  Great  Britain,  Sir  William  Thomson, 
the  well-known  physicist  who  is  President  of  the  Judges  on  the 
XXVth  Group — Instruments  of  Precision  and  Research;  Sir  John 
Hawkshaw,  the  eminent  engineer  who  was  last  year  President  of 
the  British  Association;  Sir  Charles  Rked,  President  of  the 
XXVIIIth  Group  of  Judges — for  Education  and  Science;  Capt. 
Douglas  Galton,  President  of  the  Judges  under  the  XVlIIth 
Group — Railway  Plans,  etc.;   Mr.  Isaac  Lowthiak  Bbll,  the 
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most  eminent  iron  metallurgist  in  Great  Britain,  and  author  of  the 
well-known  treatise  on  the  'Chemistry  of  the  Blast  Furnace,' 
President  of  the  Judges  of  Group  1 — Minerals,  Mining,  Metallurgy, 
etc. ;  Dr.  Wiluam  Odling,  Waynflete  Professor  of  Chemistry  in 
the  University  of  Oxford,  Secretary  of  the  hoard  of  Judges  on 
Group  III  -Chemistry  and  Pharmacy,  etc.;  from  Sweden,  Prof. 
Adolf  E.  Nordenskiold,  Prof.  C.  A.  Anostb5m,  Polytechnic 
Institute,  Prof.  O.  M.  Tt)RKLL,  Chief  of  the  Geological  Survey  of 

o 

Sweden,  and  Richard  Akerbi an,  of  the  Roval  Swedish  School  of 
Mines,  all  from  Stockholm,  under  whose  inmiediate  superinten- 
dence the  excellent  geological,  mineralogical,  and  metallurgical 
display  of  Sweden,  at  the  Exposition,  has  heen  made ;  from  lius- 
sia.  Major  General  Axel  Gadoline.  an  eminent  Russian  engineer, 
and  Prof.  L.  Nicholsky,  Mining  Engineer  and  adjunct  Professor 
at  the  Mining  School  of  St.  Petersburg,  who  is  in  charge  of  a  sys- 
tematic collection  of  Russian  minerals — the  only  systematic  mineral 
collection  in  the  Exposition;  from  Germany,  Dr.  Wedding,  Royal 
Prussian  Counpellor  of  Mines,  Dr.  Rudolph  Von  Wagnkb,  the 
well-known  Editor  of  Wagner's  Jahresbericht,  and  Dr.  G.  Sebl- 
HORST,  of  Nuremberg ;  from  France,  Mr.  L.  Simonin,  J.  F.  Kuhl- 
MAN  (fils),  M.  E.  Levasseur,  and  M.  Emilk  Guimet,  of  Lyons; 
from  Italy,  Prof.  Emanuel  Paterxo,  of  Palermo;  from  Mexico, 
Mariano  Barcena,  the  mineralogist. 

The  Emperor  of  Brazil,  without  claiming  the  position  of  a  man 
of  science,  manifests  the  most  intelligent  and  cultivated  under- 
standing of  all  that  is  most  worthy  of  notice  in  scientific  methods, 
his  enquiries  extending  to  everything  which  should  interest  the 
Head  of  a  great  Continental  Empire. 

Prof.  Nordenskiold  on  July  Ist,  left  on  his  return,  to  join  a  new 
expedition  of  discovery  to  the  seas  of  Northern  Siberia. 

4.  Connectio7f  of  the  dispian  and  Black  Seas, — It  is  reported 
that  the  connection  of  the  Caspian  and  Black  Seas  by  a  canal,  and 
a  raising  thereby  of  the  surface  of  the  Caspian — now  below  sea- 
level — is  under  consideration.  The  length  of  the  proposed  canal 
would  be  240  kilometers,  and  the  width  to  the  eastward  about 
170  yards,  and  to  the  westward  about  110  yards.  A  second  project, 
complementary  to  this,  is  the  junction  of  the  Don  and  Volga,  and 
the  turning  thus  into  the  Caspian  of  the  larger  part,  if  not  the  whole 
of  the  former  river.  The  project  has  been  proposed  to  the  llussian 
Government  by  an  American  company. — J  J  Institute  28  Juin. 

5.  Oeographical  /Survey  of  the  State  of  Neto  York, — ^The  board 
appointed  by  the  act  of  the  last  Legislature  to  make  a  tngonomet- 
rical  survey  of  the  State,  have  adopted  resolutions  to  the  effect 
that  an  officer  shall  be  appointed,  with  the  title  of  Director,  whose 
duty  it  shall  be  to  prepare  and  submit  to  the  consideration  of  the 
Commission  plans  for  conducting  the  survey,  with  estimates 
thereof,  and  under  the  direction  of  this  board  to  organize,  super- 
intend, and  manage  the  work  required  for  carrying  out  such  of 
these  plans  as  shall  be  approved  ;  that  the  Director  shall  nominate 
suitable  assistants  for  the  required  duties  of  the  survey,  and  that 
none  shall  be  appointed  unless  nominated  by  him ;  that  the  Di- 
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rector  and  all  other  officers  shall  hold  office  during  the  pleasure  of 
the  board ;  that  the  salary  of  the  Director  shall  be  $4,000  per  an- 
num, including  expenses.  Under  the  first  resolution  the  board 
proceeded  to  choose  a  Director,  and  Prof.  James  T.  Gardner,  at 
present  Secretary  of  the  American  Geographical  Society,  was 
elected.— A"   T.  Times,  July  13. 

6.  Appalachian  June,  1876,  vol.  I,  No.  1,  62  pp.  8vo.  Boston: 
A*  Williams  &  Co.  Published  for  the  Appalachian  Mountain 
Club. — The  Appalachian  Mountain  Club  was  organized  in  1876 
"for  the  advancement  of  the  interests  of  those  who  visit  the 
Mountains  of  New  England  and  adjacent  regions,  whether  for  the 
purpose  of  scientific  research  or  summer  recreation."  The  Club 
proposes  to  carry  on  a  systematic  exploration  of  the  regions 
referred  to,  both  topographical,  geological,  and  artistic.  The 
President  is  Prof.  K.  C.  Pickering,  Vice  President  S,  H.  Scudder, 
and  Secretary  J.  B.  Henck,  Jr.,  of  the  Technological  Institute, 
Boston.  The  papers  contained  in  this  first  number  of  the  publica- 
tions of  the  Club,  are  a  Report  on  the  Nomenclature  of  the  White 
Mountains ;  an  abstract  of  a  paper  on  the  "  Atlantic  System  of 
Mountains,"  by  C.  H.  Hitchcock;  a  day  on  Tripyramid,  by  C  E. 
Fay  ;  on  two  new  forms  of  Mountain  Barometer,  by  S.  W.  Hol- 
MAN ;  a  new  map  of  the  White  Mountains  (with  a  Map)  by  Mr. 
J.  B.  Hknck,  Jr. ;  on  the  East  Branch  of  the  Pemigewasset,  by  W. 
Upham;  together  with  reports  of  the  Councillors  for  the  spring  of 
1876,  containing  suggestions  of  work  proposed  for  the  summer. 

7.  American  Association  for  the  Advancement  of  /Science, — The 
25th  meeting  will  commence  at  Buffalo,  N.  Y.,  August  23.  Mem- 
bers on  arrival  will  find  the  Pennanent  Secretary  at  the  Tiffl 
House.  By  means  of  certificates,  obtainable  of  the  Permanent 
Secretary,  at  Salem,  Mass.,  tickets  at  reduced  prices  may  be  had 
on  the  following  railroads:  Erie,  Grand  Trunk,  Canada  Southern, 
Great  Western,  Pennsylvania,  Lake  Shore  and  Michigan  Southern, 
Cleveland,  Columbus,  Cincinnati  and  Indianapolis,  New  Orleans, 
St.  Louis  and  Chicago. 

8.  Elements  of  Physical  Geography^  for  the  use  of  Schools, 
Academies  and  Colleges;  by  Edwin  J.  Houston,  A.M.,  Prof. 
Phys.  Geog.,  and  Nat.  Phil.,  Central  High  School,  Philadelphia. 
158  pp.  sm.  4 to,  with  many  illustrations.  Philadelphia,  1876. 
(Eldredge  &  Brother) — An  excellent  text  book  well  adapted  for 
school  instruction.  The  numerous  illustrations  are  beautiful  and 
include  several  colored  maps. 

9.  Proceedings  of  the  Poughkeepsie  Society  of  Natural  Science^ 
Tol.  i  42  pp.  4to.  —  This  first  number  is  occupied  with  an 
article  giving  the  views  of  Mr.  Charles  B.  Warring,  in  an  article 
entitled  "  Studies  upon  the  Inclination  of  the  Earth's  Axis." 

10.  Transactions  of  the  Kansas  Academy  of  Science^  vol.  iv. 
62  pp.  8vo.  Topeka,  1876.— This  volume  contains  papers  by  Prof. 
W.  K.  Eedzie,  on  ozone  in  the  Kansas  atmosphere,  and  on  the 
Nebraska  hot  bluff  (hot  through  the  oxydation  of  pyrite) ;  G.  E. 
Patrick,  on  the  Kansas  chalk,  analysis  of  Kansas  soils,  and  on 
Kansas  salt;    M.  Y.  B.   Knox,  on  Kansas  Mammalia;   G.  F. 
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Gauraer,  on  the  habits  of  some  larves ;  W.  Osbum,  on  the  Cotton- 
wood leat-beetle;  F.  H.  Snow,  on  the  Rocky  Mountain  Locust, 
the  larve  and  chrysalis  of  the  Sage  Sphinx,  Catalogue  of  the 
Lepidoptera  of  E.  Kansas  (503  species),  and  Meteorological  Sum- 
mary for  1875.  The  meteorological  summary  states  that  the 
amount  of  rain  (including  snow)  at  Lawrence,  Kansas  (38°  68'  N., 
96°  16'  W.,  at  an  elevation  above  the  sea-level  of  884  feet)  was 
28*87  inches,  the  same  as  for  1874,  but  4-11  inches  below  the 
average  rainfall  of  the  last  eight  years. 

11.  M'L — A  new  mineralogical  society  has  been  formed  in  Eng- 
land, styled  the  hkl,  having  Prof.  Miller  as  its  President. 

Medical  Statistics  of  the  Provost  Marshal  G^nerars  Bureau.  Compiled  under 
the  direction  of  the  Secretary  of  War,  by  J.  H.  Baxter,  A.M.,  M.D.  Vols.  I.  and 
n.     Thick  4to.     1875. 

Principia  or  Basis  of  Social  Science;  by  R.  J.  Wright  Second  Edition. 
542  pp.  8vo.    PhUadelphia,  1876.    (J.  B.  Lippincott  k  Ck>.) 

OBITUARY. 

Porter  Pointer,  only  son  of  Elisha  B.  and  Frances  A.  Poinier, 
of  Newark,  died  in  New  York  city  on  Sunday  afternoon,  June 
11th,  aged  2:^  years.  He  had  given  himself  to  the  study  of 
Physics,  and  in  the  Polytechnic  Institutes  of  Troy  and  Hoboken, 
he  had  tlnis  early  developed  a  very  remarkable  genius  in  the 
department  of  applied  science.  His  studies  had  led  him,  with 
great  success,  into  original  investigations  of  heat  as  a  force  in 
nature,  and  his  thorough  and  accurate  and  independent  researches 
in  this  direction  had  attracted  the  favorable  notice  of  the  faculties 
under  whom  he  studied.  He  attained  to  such  important  results  as 
were  found  worthy  of  public  notice,  and  he  was  engaged  in  the 
preparation  and  publication  of  an  original  work  on  the  Dynamics 
of  Heat,  with  the  approval  of  his  professors.  His  enthusiasm 
drank  up  his  spirits,  and  utterly  exhausted  his  physical  force. 
Before  he  was  aware,  he  was  in  the  advanced  stages  of  an  incur- 
able disease,  and,  while  laboring  to  put  his  work  through  the  press 
at  Cambridge,  he  wap  pronounced  beyond  recovery.  All  his 
ardor  in  study  was  suddenly  quenched  by  disease,  and  sadly  he 
fell  in  the  midst  of  his  successes. 

His  very  rare  attainments  and  his  extraordinary  promise  in  the 
field  of  research  had  been  brought  to  the  notice  of  the  Johns 
Hopkins  University  at  Baltimore,  and  the  day  after  his  death,  only 
too  late  for  his  noble  ambition,  came  the  certificate  from  the  heads 
of  the  University,  appointing  him  to  a  Fellowship  in  that  institu- 
tion. As  a  lecturer  in  the  department  of  his  special  and  success- 
ful study  he  had  become  familiar  with  the  best  French  and 
German  works  in  modern  science,  and  his  accuracy  and  persever- 
ance and  thirst  for  knowledge  gave  him  promise  of  a  very  eminent 
future  as  a  scientist.  Such  a  young  man,  of  unblemished  morals, 
of  pure  and  lofty  aims,  gifted  with  faculties  of  so  high  order, 
already  attracting  the  attention  of  the  learned,  and  laying  down 
his  life  for  truth  as  revealed  in  God's  Book  of  Nature,  trained, 
withal,  to  the  highest  of  sciences  in  the  written  revelations,  and 
searching  for  the  truth  of  Christ,  such  a  young  man  fills  a  large 
space  and  dies  leaving  a  sad  void.  j. 
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Art.  XXI. — On   the   Oases  contained  in   Meteorites.      Second 
paper ;  by  Arthur  W.  Wright,  Yale  College. 

In  a  previous  article,  published  in  this  Journal,  April,  1876, 
the  writer  gave  the  results  of  investigations  upon  the  nature  of 
the  gases  evolved  from  a  number  of  meteorites  of  both  the  iron 
and  the  stony  classes,  when  exposed  to  a  more  or  less  elevated 
temperature.  The  stony  meteorites  examined  were  all  of  the 
more  common  type,  containing  a  considerable  percentage  of 
nickeliferous  iron,  without  any  appreciable  quantity  of  uncom- 
bined  carbon.  As  is  well  known,  however,  amon^  these  bodies 
of  the  stony  kind,  the  meteorites  of  Alais,  Kola  Bokkeveld, 
Kaba,  and  Orgueil,  form  a  distinct  class,  differing  from  the  rest 
in  several  particulars,  and  especially  in  containing  considerable 
proportions  of  amorphous  carbon,  and  a  bituminous  substance 
consisting  of  carbon  combined  with  oxygen  and  hydrogen  in 
such  a  way  as  to  simulate  organic  products.  They  are  further 
distin^ished  by  containing  only  very  small  quantities  of 
metalbc  iron.  As  it  seemed  of  interest  to  determine  whether 
the  conclusions  arrived  at  in  the  investigations  previously 
described  were  applicable  to  the  bodies  of  this  peculiar  class 
also,  the  work  was  continued,  with  the  results  given  below. 
Several  other  points  of  importance,  referred  to  in  the  previous 
paper,  were  investigated,  and  are  discussed  in  subsequent 
paragraphs. 

The  material  used  for  the  determinations  was  a  fragment  of 
an  excellent  specimen  of  the  Kold  Bokkeveld  meteorite  in  the 
cabinet  of  Yale  College.  It  contains  an  inconsiderable  propor- 
Am.  Joub.  Soi.— Thibd  Sbbib»,  Vol.  XII,  No.  09.— ^ift.,  1876. 


166  A.  W.  Wright — Gases  contained  in  Mttearites. 

lion  of  metallic  iron^  though  this  is  not  entirely  absent,  for,  on 
filing  away  the  surface,  very  minute  particles  may  occasionally 
be  seen.  The  analysis  made  by  Harris*  gives  for  the  carbon 
1*67  per  cent,  and  for  bituminous  matters  0*25  per  cent  As 
has  been  shown  by  Professor  J.  L.  Smith,f  the  mineral  constit- 
uents are  not  greatly  different  from  those  of  the  ordinary  stony 
meteoritea  The  method  employed  for  the  evolution  and  col- 
lection of  the  gases  was  essentially  the  same  as  that  described 
in  previous  papers,  and  need  not  oe  given  in  detail  here.  It  is 
sufficient  to  mention  that,  as  the  meteorite  gives  off  a  large 
amount  of  water  on  being  heated,  the  tube  containing  the 
substance  was  connected  with  the  pump  by  a  recurved  tube, 
the  bend  of  which  was  placed  in  a  freezing  mixture  during 
the  evolution  of  the  gas,  in  order  to  collect  the  water  and 
prevent  it  from  entering  the  pump.  This  tube  was  sealed  with 
a  gas  flame  at  the  close  of  the  experiment  and  the  water  re- 
tained for  examination.  The  temperatures  employed  for  driving 
off  the  gaseous  contents  were  nearly  the  same  as  those  of  the 
previous  experiments,  being  however  slightly  lower,  in  order 
to  avoid  as  far  as  possible  complication  of  the  results  by  the 
action  of  the  heat  upon  the  bituminous  matter.  The  results 
were  as  follows : 

Kold  Bokkeyeld. 

00,.         00.        OH4.          H.            N.  Volumee. 

300°-360°       87-34       5-08       6-93      trace?  1-66  7*45 

600°                  9o-63       1-32       2-14       0-54?  0*47  17-78 


Total.  93-11       2-42       3-26       0-38?       0*84     25-23 

The  volume  of  the  gases  obtained  is  much  greater  in  this 
than  in  the  previous  determinations;  but  it  will  be  seen  that 
in  its  composition  the  gaseous  mixture  is  similar  to  that  derived 
from  the  ordinary  stony  meteorites,  with  the  exception  of  the 
hydrogen,  of  winch,  if  any  was  present,  the  quantity  was  so 
small  as  to  make  its  determination  a  matter  of  some  uncertainty. 
The  percentage  of  carbon  di-oxide  is  somewhat  larger  at  the 
higher  temperature  than  in  the  other  cases,  but  the  real  differ- 
ence here  is  IcvSS  than  it  appears,  as  the  increase  in  the  quantity 
of  hydrogen  evolved  at  the  higher  temperatures  from  the  speci- 
mens which  contained  metallic  iron,  produced  a  corresponding 
diminution  in  the  percentage  of  the  carbon  di-oxide;  neglecting 
this,  the  proportions  would  show  a  much  closer  correspondence. 
It  seemea  probable  that,  at  least  at  the  higher  temperature,  an 
appreciable  quantity  of  some  hydrocarbon  of  the  olefiant  series, 
that  is,  with  more  carbon  atoms  than  are  contained  in  marsh- 
gas,  might  be  found.     But  both  the  analyses,  and  special  tests 

*  0.  Rammelsberg,  Die  chemiscbe  Natur  der  Meteoriten.    AbhandL  der  Konigl 
Akad.  zu  Berlin,  1870. 
f  This  Journal,  III,  zi,  p.  391. 
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of  the  gas  with  fuming  sulphuric  acid,  showed  that  the  quantity 
of  such  substances  possibly  present  was  too  small  to  carry  it 
beyond  the  range  of  the  ordinary  errors  of  observation.  The 
bituminous  substance  would  thus  appear  to  have  been  simply 
volatilized  by  the  degree  of  heat  employed,  and  condensed 
again  in  the  cooling-tube  without  decomposition.  No  attempt 
was  made  to  collect  it  separately. 

The  amount  of  water  ariven  off  bv  the  heat  and  collected  in 
the  cooled  tube  was  found  to  be  about  ten  per  cent  of  the 
weight  of  the  substance  employed,  but  the  determination  was 
not  entirely  satisfactory.  Faraday  found  for  the  water  6*5  per 
cent.  Wohler  states  that  the  powder  dried  at  120°  lost  10'5 
per  cent  more  by  stronger  heat  Eammelsberg  found  that  the 
total  loss  at  a  strong  heat  was  15*24  per  cent,  but  this  of  course 
includes,  besides  the  water,  the  gases  evolved  and  the  volatile 
bituminous  substance,  as  well  as  some  sulphur,  which  was  ob- 
served to  be  volatilized.  The  water,  on  the  application  of  the 
ordinary  tests,  gave  distinct  evidence  of  the  presence  of  chlor- 
ine, and  less  certainly  of  sulphurous  oxide,  resembling  in  these 
respects  that  derived  from  other  meteorites.  A  small  quantity 
of  a  light  yellowish  substance  was  deposited  in  the  cold  part  of 
the  tube,  which  appeared  to  be  sulphur,  but  was  not  specially 
examined. 

The  differences  in  the  gaseous  products  obtained  from  meteor- 
ites of  the  different  classes  may  be  made  more  apparent  by 
bringing  together  the  results  of  analyses  hitherto  made.  The 
following  table  gives  the  total  percentage  of  the  gases  yielded 
by  the  different  specimens,  the  first  seven  being  irons,  the  re- 
mainder belonging  to  the  st<^)ny  class.  It  represents  the  com- 
position of  the  total  amount  of  gas  given  off  up  to  incipient 
or  low  red  heat,  except  in  the  first  two  instances  where  the 
temperature  employed  was  much  higher. 

Iron  meteorites.  GOf      GO.  GH4.      H.  N.        YoL     Observera. 

Lenarto,  4-46     0*00  ...  86-68  9*86     2*85  Graham. 

Augusta  Co.,  Va.,      9*75  3^-33  ...  86-83  1609     317  Mallet. 

Tazewell  Co.,  Tenn.,  14-40  41-23  ...  42-66  1-71     3-17  W. 

Shingle  Spr.,  Cal.,     13-64  12-47  ...  68-81  6-08     0-97  W. 

Texas,  8-69  1462  ...  7679  0-00?  1-29  W. 

Dickson  Co.,  Tenn.,  13-30  1530  ...   71-40  0-00?  2-20  W. 

Arva,  12-66  67*71  ...   18-19  1-64  47-13  W. 

Stony  meteorites. 

Iowa  Co.,                    49-61  2-64  00?  43-93  3-92  2-60  W. 

GuernseyCo.,  Ohio,  69-88  4-40  205  31-89  1-78  2-99  W. 

Pultusk,                      60-29  4-36  361  29-50  2-26  176  W. 

Pamallee,                  81-02  1-74  2-08  13-59  1-57  2-63  W. 

Weston,                      80-78  2-20  1-63  1306  2-33  3-49  W. 

Kold  Bokkeveld,      93-11  242  3-26  0-38?  0-84  25-23  W. 
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In  the  case  of  the  last  of  these  meteorites  the  number  given 
in  the  table  does  not  express  the  whole  volume  of  gas  contained 
in  it,  as  the  experiment  was  discontinued  before  it  ceased  to  be 
given  off.  A  special  determination  made  with  a  separate  por- 
tion gave  a  little  more  than  thirty  volumes.  The  Arva  meteor- 
ite also  is  exceptional,  both  as  r^ards  the  volume  of  gas  yielded 
by  it,  and  with  respect  to  the  large  volume  of  the  carbonic 
oxide  obtained.  We  are  reminded,  by  this  fact,  of  the  Ovifak 
iron,  from  which  Wohler  obtained,  by  heating  it  to  redness  in 
an  iron  tube,  more  than  100  volumes  of  cas  which  was  found 
to  be  carbonic  oxide  mingled  with  a  litUe  carbon  di-oxide  * 
He  attributes  it,  however,  to  the  action  of  the  carbon  upon 
some  oxygen  compound,  and  the  mass  was  found  to  contain  a 
large  quantity  of  magnetic  oxide  of  iron.  Doubtless  the  result 
was  aftected  by  the  employment  of  the  iron  tube,  which  would 
rapidly  reduce  the  carbon  di-oxide  at  such  a  temperature.  Ber- 
thelot,  who  examined  another  portion,  at  M.  Daubre6's  request, 
obtained  by  slow  calcination  in  a  tube  of  Bohemian  glass  a 
large  volume  of  gas,  the  precise  amount  of  which  is  not  stated, 
consisting  chiefly  of  the  two  oxides  of  carbon  in  nearly  equal 
quantities.f  The  celestial  origin  of  the  Ovifak  iron  is  very 
aoubtful,  however,  and  its  composition  is  different  from  that 
of  the  Arva  meteorite,  in  which  no  oxygen  compounds  were 
detected. 

A  few  words  need  to  be  said  with  reference  to  the  vol- 
umes quoted  in  the  case  of  the  Tennessee,  Texas,  and  Arva 
irons.  In  an  article  published  in  this  Journal,  for  April, 
1875,  giving  an  account  of  a  spectroscopic  examination  of 
the  gases  from  these  bodies,  it  was  stated  that  the  volumes 
were  as  follows:  Tennessee,  4*69;  Texas,  475;  Arva,  44-I-, 
whereas  the  volumes  as  determined  in  the  subsequent  investi- 
gations by  actual  measurement  were  3'17,  1*29,  and  47*13, 
respectively,  as  given  in  the  table.  The  discrepancy  is  due  to 
the  fact  that  the  former  numbers  were  calculated  from  the 
change  in  the  reading  of  the  gauge  of  the  air-pump  on  evolution 
of  the  gas,  and  were  not  corrected  for  the  small  amount  of 
water  vapor  present.  Where  the  quantity  of  gas  was  small  the 
error  from  this  source  was  considerable,  and  the  result  would 
have  only  the  value  of  a  rough  estimate.  In  the  case  of  the 
Arva  iron,  where  the  volume  of  the  gas  was  much  larger,  the 
inaccuracy  was  not  serious,  and  the  volume  corresponds  much 
more  nearly  with  the  true  result  as  obtained  from  measurement 
In  the  later  determination  of  the  volume  of  gas  from  the  Texas 
iron,  moreover,  the  metal  was  in  rather  coarse  fragments,  and 
the  evolution  of  gas  from  it  was  not  as  complete  as  in  the  pre- 
vious case.     That  the  amount  of  gas  obtainable  from  this  iron 

*  Pogg.  Ann.  146,  p.  297.  f  Comptes  Bendus,  Ixziv,  1646. 
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should  approximate  to  that  obtained  from  the  Tennessee  speci- 
men, if  the  trial  were  made  with  finely  pulverized  metal,  is 
clearly  indicated  by  the  results  of  the  earlier  experiments. 

The  necessity  for  the  precautions  mentioned  in  the  previous 
paper  respecting  the  degree  of  heat  employed  and  the  time  of 
Its  application,  was  well  shown  in  the  repetition  of  the  exper- 
iments with  the  Iowa  meteorite.  The  reducing  action  of  the 
metallic  iron  upon  the  carbon  di-oxide,  though  not  very  appar- 
ent at  comparatively  moderate  temperatures,  becomes  consid- 
erable as  the  temperature  rises,  and  in  some  of  the  experiments 
where  the  heat  was  carried  nearly  to  redness  and  prolonged 
beyond  what  was  necessary  for  the  evolution  of  the  larger  part 
of  the  gas,  it  was  found  that  the  amount  of  carbonic  oxide  was 
very  variable,  in  one  instance  reaching  to  12  or  13  per  cent 
This  explains  also  the  larger  amount  of  this  gas  obtained  in  the 
preliminary  examination  of  last  year  where  the  analysis  gave 
14  per  cent,  as  no  special  attention  was  at  that  time  given  to 
this  source  of  error.  It  is  also  clearly  shown  by  the  following 
experiment  with  a  portion  of  the  Weston  meteorite.  After  the 
gas  had  been  driven  oflF  from  this  by  a  red  heat,  pure,  dry  car- 
bon di-oxide  was  admitted  into  the  pump,  and  the  tube  heated 
nearly  to  redness  for  about  half  an  hour.  On  pumping  out 
some  of  the  gas  and  analyzing  it,  it  was  found  that  nearly 
twenty  per  cent  of  it  had  been  converted  into  carbonic  oxide. 
Although  great  care  was  taken  in  all  the  subsequent  work  to 
avoid  this  source  of  inaccuracy  as  completely  as  possible,  the 
percentages  of  this  gas  obtained  at  the  higher  temperatures 
are  less  certainly  to  be  depended  upon  than  the  others.  The 
amount  of  marsh-gas  obtained  also  shows  a  certain  correspond- 
ence with  that  of  the  carbonic  oxide,  as  if,  possibly,  in  the  re- 
action by  which  the  carbon  dioxide  was  broken  up  by  the 
iron,  a  portion  of  the  carbon  combined  with  the  hydrogen  pres- 
ent to  K)rm  marsh-gas,  a  supposition  which  is  not  without  war- 
rant from  the  conclusions  of  other  observers.*  But  though 
some  decree  of  uncertainty  may  attach  to  the  numbers  given 
for  the  higher  temperatures,  the  fact  that,  with  all  tlie  precau- 
tions observed  in  tne  experiments,  the  gases  were  found  to  be 
present  in  small  quantities  even  at  the  lowest  temperatures  at 
which  examination  was  made,  renders  it  probable  that  the  re- 
sults are  not  far  from  the  truth,  and  that  carbonic  oxide  and 
marsh-gas  are  really  to  be  reckoned  among  the  gaseous  contents 
of  the  stony  meteorites,  and  that  the  same  cause  which  produced 
the  one  in  greater  or  less  quantity  had  a  similar  effect  upon  the 
other. 

Among  the  questions  discussed  in  the  previous  paper,  was 
the  manner  of  the  occurrence  of  the  carbon  di-oxide.     This  has 

*  WattB*8  Diet  of  GhenL 
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been  subjected  to  further  examination,  with  the  result  of  mod- 
ifying somewhat  the  conclusions  there  arrived  at  That  it  has 
been  derived  from  the  atmosphere  by  absorption  subsequently 
to  the  fall  of  the  body  is  improbable,  for  not  only  did  the  re- 
examination of  the  Iowa  meteorite  show  a  loss  rather  than 
!fain  with  the  lapse  of  time,  but  also  there  would  seem  to  be 
ittle  reason  for  a  selective  action  of  the  mass,  which  would 
enable  it  to  take  up  this  gas  in  preference  to  the  other  atmos- 
pheric constituents,  unless  it  were  the  fact  of  the  feebly  acid 
character  of  the  carbon  di-oxide,  as  in  the  presence  of,  or  com- 
bined with,  water.  But  in  this  case  the  carbonates  formed  by 
combination  with  the  oxides  present  in  meteoric  masses,  would 
be  very  stable  compounds,  and  quite  incapable  of  decomposi- 
tion at  the  low  temperatures  employed. 

The  explanation  was  suggesieKi  in  the  earlier  papers  that  the 
gas  was  condensed  upon  the  finer  particles  of  the  metallic  iron, 
as  well  as  absorbed  within  it.  With  a  view  to  test  the  correct- 
ness of  this  supposition,  a  special  set  of  experiments  was  under- 
taken. A  quantity  of  the  substance  of  the  Iowa  meteorite  was 
reduced  to  fine  powder,  and  the  iron  extracted  from  it  with  a 
magnet,  and  kept  by  itself  The  grains  of  iron  were  then 
rubbed  repeatedly  in  an  agate  mortar  to  free  them  as  com- 
pletely as  possible  from  the  adhering  stone,  from  which  they 
were  separated  as  before,  the  residue  of  the  powder  being 
added  to  that  left  by  the  first  operations.  The  material  was 
thus  divided  into  two  portions,  one  of  which  consisted  chiefly  of 
the  stony  matter,  the  other  principally  of  the  iron.  For  a  third 
portion  pieces  of  the  meteorite  were  simply  broken  into  small 
fragments,  and  not  pulverized.  Each  portion  was  placed  in  a 
clean  tube,  and  in  its  turn  attached  to  the  pump  for  examina- 
tion, care  being  taken  to  subject  each,  as  nearly  as  was  pos- 
sible, to  the  same  degree  of  heat,  and  for  the  vsame  length  of 
time.  The  highest  temperature  employed  was  below  tnat  of 
red  heat.     The  following  were  the  results  obtained  : 

00,  and  CO.  H.  N.                  Volumes. 

Powder,                      66-96  80-96  2-08  0-97),..^ 

Iron,                             38-'72  59-38  1-90  0-51  ) 

Fragments,                 4807  60*93  I'OO                1-87 

Although,  from  the  nature  of  the  case,  no  verj'-  precise  result 
could  be  expected  from  this  mode  of  experiment,  inasmuch  as  it 
was  impossible  either  to  separate  the  iron  entirely  from  the  min- 
eral portion,  or  to  free  the  iron  completely  from  the  stony  matrix, 
the  numbers  above  given  indicate  clearly  that  the  stony  por- 
tion yields  a  considerable  portion  of  the  gas  given  off  at  the 
temperature  employed,  and  that  this  contains  a  larger  propor- 
tion of  the  carbon  oxides  than  that  obtained  from  the  iron, 
which,  on  the  other  hand,  is  richer  in  hydrogen.     The  product 
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of  the  stony  fragments  is,  in  its  composition,  approximately  a 
mean  between  the  two  others,  as  was  to  be  expected,  but  it 
will  be  seen  that  the  volume  obtained  was  somewhat  larger, 
showing  that  a  portion  of  the  eas  was  lost  in  the  process  of 
pulverization.  These  facts  would  seem  to  indicate  that,  while 
a  portion  of  the  gas  may  be  condensed  upon  the  fine  particles 
of  the  iron  as  at  first  conjectured,  a  large  [»j\rt  of  the  carbon 
dioxide,  and  possibly  also  of  the  water,  carbonic  oxide,  and 
other  gases,  is  mechanically  imprisoned  in  the  substance  of  the 
meteorite.  Now  Mr.  Sorby  has  shown*  that  the  meteorites  of 
Aussun  and  Parnallee,  when  examined  in  thin  sections  under 
the  microscope,  contain  numerous  small  cavities  filled  with  gas, 
similar  to  those  which  have  been  observed  in  many  terrestrial 
minerals  It  will  be  noticed  that  the  Parnallee  meteorite  was 
one  of  those  examined  by  the  writer,  and  found  to  yield  2*68 
volumes  of  gas  on  the  application  of  heat 

The  occurrence  of  carbon  di-oxide  in  cavities  of  minerals, 
under  a  pressure  so  great  as  to  cause  it  to  be  in  the  liquid  condi- 
tion, as  also  associated  with  water,  has  been  often  observed,  and 
has  been  quite  recently  proved  in  an  ingenious  and  satisfactory 
manner,  by  Mr.  Hartley.j  for  a  large  number  of  different  miner- 
als. Similar  gas-cavities  have  been  shown  also  to  exist  in  many 
eruptive  or  volcanic  rocks,  for  examples  of  which  we  need  only  to 
refer  to  Mr.  Sorby's  and  Mr.  J.  C.  Ward's  papers  in  the  Quarterly 
Journal  of  the  Geological  Society,  and  to  other  memoirs  pub- 
lished elsewhere.  The  actual  extraction  and  chemical  examin- 
ation of  the  gaseous  contents  of  these  bodies  appears  to  have 
attracted  little  attention  thus  far,  though  they  might  lead  to 
results  of  great  interest  and  importance.  Some  incomplete 
experiments  by  the  writer  may  be  mentioned  here,  as  illustra- 
tions, though  but  little  weight  is  attached  to  them  as  quantita- 
tive determinations.  A  quantity  of  pulverized  trap-rock  was 
subjected  to  a  heat  which  was  raised  to  incipient  redness,  the 
examination  being  conducted  by  the  same  method  as  that 
employed  upon  the  meteorites.  The  mineral  gave  off  about 
three-fourths  of  its  volume  of  mixed  gases,  which  were  found 
to  contain  about  13  per  cent  of  carbon  di-oxide,  the  residue 
being  chiefly  hydrogen.  Another  specimen  of  trap  containing 
small  nodules  of  anorthite,  was  examined,  at  the  request  of  Mr. 
G.  W.  Hawes,  who  had  observed  gas-cavities  in  a  thm  section  of 
the  mineral  prepared  for  microscopic  examination.  This  gave  off 
somewhat  more  than  its  own  volume  of  gas,  which  was  found  to 
contain  some  24  per  cent  of  carbon  di-oxide.  The  gas  in  these 
cases  was  not  given  off  as  readily  as  from  the  meteorites,  and  was 
evolved  rather  suddenly  as  a  temperature  approaching  red-heat 
was  reached.     If  it  should  appear  improbable  that  the  large 

*  Proa  Bojal  Soa,  June  16,  1864. 
t  Chem.  News,  June  9,  1876,  p.  237. 
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amount  of  gas  contained  in  the  Kold  Bokkeveld  specimen  could 
be  retained  in  this  way,  it  may  be  suggested  that  the  amorphous 
carbon  contained  in  it  is  a  suostance  peculiarly  fitted  to  aosorb 
and  retain  large  volumes  of  gas.  These  results  would  seem 
rather  to  assimilate  the  stony  meteorites  to  terrestrial  rocks  of 
volcanic  origin,  than  to  place  them  in  a  different  category,  and 
to  strengthen  the  evidence  that  they  are  themselves  the  product 
of  igneous  action,  though  modified  profoundly  in  some  respects 
in  their  structure,  by  the  influence  of  other  forces,  and  the  cir- 
cumstances of  their  formation.  The  supposition  of  the  impris- 
onment of  the  gas  in  the  stony  substance  would  also  serve  to 
explain  why  the  water,  which  can  not  be  separated  by  a  tem- 
perature of  1CK)°,  continues  to  be  given  oft*  even  at  the  highest 
temperatures  employed,  as  has  often  been  observed  in  experi- 
ments with  meteorites. 

It  has  been  pointed  out  by  astronomers  that  on  arranging 
the  mean  distances  of  the  asteroids  in  a  series,  there  are  found 
to  be  certain  gaps  in  the  list  as  if  some  members  were  wanting. 
Now  it  is  further  found  that  the  periodic  times  of  these  missing 
bodies  stand  in  a  simple  relation  to  the  time  of  Jupiter's  revo- 
lution, and  in  such  a  way  that  his  continued  action  upon  them 
would  accumulate  the  perturbative  effects,  tending  to  throw 
their  orbits  into  eccentric  forms.  Such  of  the  bodies  as  were 
caused  to  move  in  very  narrow  orbits,  with  shortened  period, 
would  be  exposed  to  very  great  vicissitudes  of  temperature, 
and  during  the  part  of  the  orbit  near  the  sun  not  only  would 
the  change  of  temperature  be  comparatively  rapid  but  the 
actual  degree  of  temperature  reached  would  be  very  considera- 
ble, especially  considering  the  fact  that  these  bodies  are  of  too 
small  mass  to  permit  them  to  retain  an  atmosphere  of  any 
appreciable  amount.  It  is  not  difficult  to  see  that  these  great 
changes  of  temperature  in  a  mass  of  considerable  absorptive 
and  low  conducting  power  must  give  rise  to  powerful  stresses, 
and  that  under  the  intense  action  of  the  sun  near  the  perihelion 
the  action  may  be  sufficiently  energetic  to  cause  the  splitting 
up  of  the  bodies  themselves.  The  disruptive  action  requisite 
to  separate  a  mass  from  the  principal  body  entirely,  and  so  as 
not  to  return,  would  be  less  as  the  mass  of  the  boay  is  smaller, 
and  would,  for  a  mass  no  larger  than  some  of  the  asteroids,  be 
quite  within  the  range  of  possibility.  The  body  would  thus  be 
subject  to  a  continuous  process  oi  disintegration  in  its  succes- 
sive revolutions,  and  must  end  in  being  broken  up  into  a  swarm 
of  fragments  which  would  gradually  be  distributed  over  the 
entire  orbit  Such  an  action  appears  to  be  really  going  on  in 
some  of  the  comets,  and  moreover  the  orbits  of  several  of  them 
are  coincident  with  those  of  great  meteoric  streams,  in  which 
the  process  of  disaggregation  has  already  gone  very  far.  Now, 
of  the  comets  of  short  period  a  considerable  number  are  grouped 
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with  their  orbits  in  such  a  relation  to  that  of  Jupiter  as  to  sug- 
gest the  possibility  of  their  derivation  from  the  asteroids. 
Similar  considerations  also  apply  to  the  group  of  comets  asso- 
ciated with  the  orbit  of  Neptune,  the  existence  of  which  sug- 
gests the  question  whether  there  may  not  be  another  group  of 
asteroids,  exterior  to  this  body,  yet  remaining  to  be  discovered. 
But  without  assuming  the  asteroidal  origin  of  these  comets, 
the  efiFects  of  solar  heat  just  described  may  be  safely  predicated 
of  them,  as  well  as  of  other  comets  or  meteoric  masses  revolv- 
ing in  excentric  orbits. 

This  process  of  disintegi'ation,  in  the  earlier  stages  of  the 
history  of  one  of  these  bodies,  would  constantly  present  fresh 
surfaces  for  the  action  of  the  sun's  rays,  which  must  cause  the 
evolution  of  large  volumes  of  gas,  and  the  rifts  and  fissures 
produced  by  the  cooling  at  aphelion  would  allow  the  gas  con- 
tained in  the  interior  of  the  body  to  stream  off  under  compara- 
tively little  increase  of  temperature.  This  gaseous  matter, 
expanding  into  empty  space  and  streaming  oflF,  forms  the  tail  of 
the  comet,  which  is  driven  away  from  the  sun's  direction  by 
some  repellant  force  possibly  due  to  electrical  action.  That 
the  amount  of  gaseous  substance  furnished  by  such  a  body 
should  be  sufficient  to  form  a  luminous  train  of  the  immense 
extent  often  observed  in  comets  need  not  appear  incredible,  if 
we  reflect  that  of  a  substance  like  the  Kold  Bokkeveld  meteor- 
ite every  cubic  mile  would  furnish  thirty  cubic  miles  of  gas  at 
the  pressure  of  the  terrestrial  atmosphere,  and  that  this  in  space 
would  be  speedily  expanded  to  enormous  dimensions,  before  it 
would  cease  to  be  capable  of  transmitting  electric  discharges,  or 
to  be  visible  by  reflected  sunlight.  As  the  masses  of  some  of 
the  comets  have  approached  planetary  dimensions  there  is  no 
diflBculty  in  accounting  for  the  enormous  trains  some  of  them 
have  exhibited.  Moreover  there  is  reason  for  believing  that 
the  meteorites  which  reach  the  earth  are  the  spent  fragments, 
as  it  were,  which  have  already  parted  with  a  considerable  por- 
tion of  their  gaseous  constituents  by  the  long  continued  action 
of  the  sun  as  above  described,  so  that  the  amount  of  gas  con- 
tained in  some  of  these  celestial  bodies  mav  be  even  much 
larger  than  that  we  observe  in  actual  meteoritea  We  may 
also  take  into  account  the  not  inconsiderable  amount  of  water 
contained  in  these  bodies,  to  say  nothing  of  the  volatile  carbon- 
aceous matters  which  are  present  in  some  of  them. 

Besides  the  relations  mentioned  above,  may  be  cited  the  near 
correspondence  of  the  average  density  of  the  stony  meteorites 
with  tne  calculated  density  of  the  asteroids,  which,  though  pos- 
sibly accidental,  is  certainly  suggestive  of  a  community  or 
similarity  of  origin. 

Additional  and  most  striking  testimony  to  the  real  connection 
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of  the  meteorites  and  comets  is  aflForded  by  the  close  resemblance 
of  the  spectrum  of  the  gas  obtained  from  the  stony  meteorites  to 
the  spectra  of  those  comets  which  have  thus  far  been  observed. 

Many  observations  respecting  this  point  were  made  upon  the 
gases  collected  from  the  various  meteorites  examined,  in  the 
course  of  the  investigations  which  have  been  described.  Vac- 
uum-tubes of  the  form  usually  employed  in  spectroscopic  work 
were  attached  to  the  pump  and  filled  by  the  meteoritic  gases  as 
they  were  evolved.  After  the  latter  had  been  pumped  out  for 
the  most  part  into  the  collecting  tube,  a  freezing  mixture  was 
applied  to  one  of  the  tubes  of  the  pump  and  allowed  to  remain 
until  the  watery  vapor  was  condensed,  thus  rendering  the 
gas  in  the  vacuum-tube  very  nearly  free  from  moisture.  As 
the  vapor  of  mercury  is  always  shown  by  spectroscopic  ex- 
amination to  be  present  in  tubes  filled  in  this  way  by  the  use  of 
a  mercury-pump,  small  pellets  of  clean  gold  foil  were  previ- 
ously placea  in  the  tubes,  in  order  to  absorb  the  metal.  This 
proved  to  be  quite  efiectual  in  some  cases,  in  others  only  par- 
tially so.  The  tubes,  having  now  been  sufficiently  exhausted 
by  the  continued  action  of  the  pump,  were  removed,  sealed, 
marked,  and  preserved  for  examination. 

On  passing  the  discharge  of  an  induction  coil  through  these 
tubes  when  placed  before  the  slit  of  a  spectroscope,  a  spectrum 
is  seen,  which  varies  with  the  conditions.  That  from  the  capil- 
lary portion  of  the  tube  shows  the  hydrogen  lines  brilliantly, 
together  with  the  bands  due  to  carbon  compounds.  In  the 
wide  part,  however,  the  hydrogen  lines  are  entirely  absent,  only 
the  carbon  bands  being  visible.  When  the  illumination  is  suffi- 
ciently strong  these  are  five  in  number,  all  sharp  at  the  least 
refrangible  edge,  and  fading  gradually  away  at  the  other. 
When  the  slit  is  narrowed,  or  the  tube  removed  to  a  greater 
distance  so  as  to  diminish  the  intensity  of  the  light,  only  three 
remain  visible,  namely,  one  beginning  in  the  yellowish-green, 
one  in  the  green,  and  another  in  the  greenish-blue.  Of  these 
the  middle  one  is  by  far  the  brightest,  and  when  the  light  is 
very  much  enfeebled  remains  visible  after  the  others  have  dis- 
appeared. Of  the  latter,  the  one  in  the  greenish-blue  is  brighter 
than  the  other.  A  resemblance  to  the  spectra  of  the  comets  is 
apparent  at  a  glance,  not  only  in  the  positions,  but  also  in  the 
form  and  relative  brightness  of  the  bauds.  A  closer  compari- 
son however  shows  a  marked  difference  in  their  breadth,  the 
cometary  bands,  as  represented  by  various  observers,  covering 
a  considerably  greater  space.  There  appeared  also  to  be  a 
want  of  exact  coincidence  in  their  positions.  For  the  fii^st  two 
the  diflFerence  was  not  greater  than  the  discrepancies  of  the  re- 
sults given  for  different  comets,  and  the  bands  agreed  very  well 
with  some  of  the  observations.  The  third  band  showed  a 
greater  divergenca 
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As  the  greater  breadth  of  the  cometary  bands  indicates  a 
density  of  the  cometic  gases  greater  than  that  in  the  tubes  ex- 
naained,  an  experiment  was  made,  as  follows,  for  the  purpose 
of  observing  the  eflfect  of  increasing  the  density  of  the  gas.  A 
glass  tube,  having  an  internal  caliber  of  about  one  centimeter 
and  some  twenty  centimeters  in  length,  was  closed  at  one  end, 
and  through  the  sides  were  inserted  two  platinum  wires,  at 
points  near  the  middle  of  the  tube,  the  inner  ends  of  the  wires 
being  in  its  axis  and  separated  by  an  interval  of  about  one  cen- 
timeter. Small  fragments  of  the  Kold  Bokkeveld  meteorite 
were  dropped  into  the  tube  and  shaken  down  into  the  closed 
end.  The  upper  end  was  now  drawn  out  to  a  narrow  neck,  and 
the  whole  attached  to  the  pump.  After  exhausting  the  air, 
the  neck  was  sealed,  the  tube  withdrawn,  and  supported  in  a 
vertical  position  so  that  the  interval  between  the  wires  was  be- 
fore the  slit  of  the  spectroscope,  the  end  containing  the  meteor- 
ite being  below.  By  means  of  wires  connecting  the  platinum 
points  with  an  induction  coil,  sparks  were  passed  across  the  in- 
terval, and  when  the  lower  end  of  the  tube  was  gently  heated, 
the  characteristic  spectrum  of  the  gas  evolved  became  visible. 
At  first  it  was  very  similar  to  that  which  had  been  observed 
previously,  but  as  the  heat  was  increased,  and  the  pressure  of 
the  gas  became  greater,  the  bands  were  seen  to  widen  out, 
until  they  at  length  fully  equalled  in  breadth  those  of  the 
comets,  and  finally  they  showed  a  tendency  to  run  together. 
In  the  order  of  their  relative  intensity  there  was  no  appreciable 
cbanga 

The  slight  disagreement  in  the  positions  of  the  first  two 
bands  with  the  reported  observations  of  cometary  spectra  is 
readily  explained  when  we  consider  that  for  the  latter  a 
rather  wide  slit  is  necessary  in  order  that  they  may  be  dis- 
tinctly seen.  If  the  object  viewed  were  a  sharp  fine  line,  the 
effect  of  opening  the  slit  would  be  merely  to  increase  its  breadth 
without  affecting  the  sharpness  of  the  edges.  It  is  easy  to 
see  however  that  a  band,  though  with  a  narrow  slit  the  edge 
were  sharp  and  brighter  than  the  other  parts,  would  have  its 
point  of  maximum  brightness  removed  toward  the  middle  of 
Its  breadth,  and  the  farther  as  the  opening  were  greater.  The 
eflFect  of  this  would  be  that  a  faint  band  would  appear  hazy  at 
the  edge,  and  the  tendency  would  be  to  displace  its  apparent 
position  towards  the  brightest  point  Further,  the  measured 
position  of  the  edge  would  be  afi'ected  by  the  change  of  place 
of  the  movable  e3ge  of  the  slit  A  simple  experiment  with 
the  tube  showed  that  the  alterations  from  these  two  sources 
were  sufficient  to  account  for  the  apparent  want  of  agreement 
in  the  positions  of  the  bands,  and  also  to  explain  some  of  the 
discrepancies  in  the  results  of  different  observers,  as  to  the  posi- 
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tdon  of  the  cometary  bands,  especially  when  regard  is  paid  to 
the  faintuess  of  the  light  and  the  consequent  difficulty  of  precise 
determination.  Measurements  of  the  nrst  two  bands,  with  the 
slit  rather  wide  and  the  intensity  of  the  light  sufficiently  di- 
minished, were  found  to  coincide  very  satisfactorily  with  the 
best  recorded  observations  upon  the  corresponding  bands  in 
the  spectra  of  comets.  For  tne  third  band  the  result  was  less 
satisfactory,  as  it  appears  to  be  somewhat  less  refrangible  than 
its  cometary  analogue,  as  determined  by  the  majority  of  obser- 
vations of  the  latter,  though  it  agrees  very  well  with  some  of 
them.  Not  improbably,  however,  the  hydrocarbons  existing  in 
small  quantities  in  some  of  the  meteorites  may  be  present  in 
the  comets  in  sufficient  amount  to  modify  their  spectra  some- 
what 

Tale  CoUege,  July  28,  1876. 


Art.  XXlL—Sch<EnheirCs  Test  for  Nitrates;  by  F.  H.  Storer, 
Professor  of  Agricultural  Chemistry  in  Harvard  University. 

In  his  important  paper  on  the  Behavior  of  Ozone  towards 
Water  and  Nitrogen,  Carius*  remarks  incidentally  that  he  has 
not  found  the  iodo-starch  test  for  nitrates  (employ ea  in  conjunc- 
tion with  zinc,  as  the  reducing  agent)  a  specially  delicate  one. 

It  is  obvious  that  this  test  tor  nitrates  cannot  in  the  nature 
of  things  compare  in  delicacy  with  the  similar  test  for  nitrites, 
where  the  iodo-starch  is  added  directly  to  the  suspected  liquid, 
after  mere  acidulation.  A  much  smaller  quantity  of  nitrite 
than  of  nitrate  can  always  be  detected  by  the  above  mentioned 
test,  since  the  zinc,  or  other  reducing  agent,  which  is  made  to 
act  upon  the  nitrate  in  order  that  the  iodo-starch  reaction  may 
occur,  does  not  in  any  case  change  the  whole  of  the  nitrate  into 
a  nitrite  and  no  other  nitrogenous  product  The  zinc  may 
fail,  upon  the  one  hand,  to  reduce  the  whole  of  the  nitrate, 
while  upon  the  other  its  action  may  go  too  far,  so  that  a  part  of 
the  nitrite,  formed  at  first,  through  reduction  of  the  nitrate, 
may  be  reduced  in  its  turn  and  removed  from  the  field  of 
action.  Some  of  the  nitrate  is  always  changed,  withal,  to  an 
ammonium  salt  and  so  destroyed  in  so  far  as  the  power  of 
reacting  upon  iodo-starch  is  concerned. 

These  considerations  have  often  been  urged,  and  they  are 
undoubtedly  familiar  to  most  chemists.  But  in  the  lack  of  a 
better,  the  iodo-starch  test  for  nitrates  has  come  into  very 
general  use  and  has  been  held  in  high  estimation.  The  remark 
of  Carius  must  have  struck  scores  of  chemists,  as  it  did  myself, 

*  Annalen  der  Ohemie,  1874.  dxziv,  14,  note. 
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as  extraordinary  and  hardly  credible  It  was  neither  consistent 
with  Schcenbein  8  statement  as  to  the  delicacy  of  the  test  nor 
with  the  reputation  which  the  test  had  acquirea.  I  have  thus 
been  led  to  examine  the  matter  somewhat  attentively  and  to 
subject  the  test  anew  to  critical  study.  It  appears  from  this 
examination  that  the  lack  of  delicacy  observed  by  Carius  was 
due  to  the  kind  of  manipulation  employed  by  him,  and  that 
while  his  statement  is  doubtless  literally  correct  it  fails  to  con- 
vey a  just  idea  of  the  much  higher  degree  of  delicacy  which  is 
readily  obtainable  by  applying  the  test  in  a  somewhat  diflferent 

way. 

Two  methods  of  using  the  test  were  described  by  Schcen- 
bein,* viz :  1st,  To  add  dilute  sulphuric  acid  and  iodo-starch 
paste  directly  to  the  nitrate  solution  and  to  stir  the  mixture 
with  a  zinc  rod ;  or,  2d,  and  better,  as  we  must  infer  from 
Schoenbein^s  statement,  to  reduce  the  neutral  solution  of  the 
nitrate  in  the  first  place,  by  means  of  zinc  or  cadmium,  there- 
after to  acidulate  it  with  dilute  sulphuric  acid,  and  finally  to 
add  the  iodo-starch  paste.  Both  of  these  modifications  have 
come  into  general  use,  but  the  second  has  been  applied  perhaps 
even  more  frequently  than  the  first  in  cases  where  very  small 
amounts  of  nitrates  were  to  be  sought  for.  It  is  in  fact  more 
delicate  than  the  first  method.  Carius,  however,  in  the  experi- 
ments above  referred  to,  employed  the  first  modification  and 
not  the  second. 

For  my  own  part,  I  find  that  the  chief  objection  to  the  iodo- 
starch  test  for  nitrates  is  by  no  means  a  lack  of  delicacy.  The 
fetal  defect  of  the  test,  as  hitherto  applied,  is  to  be  found  in 
the  fact  that  mere  water,  which  is  absolutely  free  from  any 
contamination  of  nitrates  or  nitrites,  on  being  treated  with  zinc 
or  cadmium,  as  if  to  test  it  for  a  nitrate,  will  react  upon  iodo- 
starch  precisely  as  if  a  trace  of  some  nitrate  had  been  dissolved 
in  the  water. 

The  explanation  of  this  behavior  is  not  far  to  seek.  The 
coloration  of  the  iodo-starch  is  caused  by  peroxide  of  hydrogen 
which  has  been  formed  in  the  water  by  the  action  of  the  metal, 
according  to  the  familiar  experiment  of  Schoenbeinf  in  which 
peroxide  of  hydrogen  is  prepared  by  shaking  zinc-amalgam  in 
water  and  air.| 

*  See  for  example,  his  paper  in  Fresenius's  Zeitschrift  analjt  Chemie,  1863,  i, 
pp.  14,  15. 

{PoggendorfTs  Annalen,  1861,  czii,  288. 
Schcenbein  has  himself  shown  (Journal  fOr  prakt  Chemie,  1861,  Izzziv,  206) 
that  peroxide  of  hydrogen  is  formed  simultaneously  with  a  nitrite,  when  the 
aqueous  solution  of  a  nitrate  is  treated  with  zinc  or  cadmiiun,  as  a  preliminary  to 
the  implication  oi  the  iodo-starch  test,  but  he  seems  to  have  completely  over- 
looked the  fact  that  the  presence  of  the  peroxide  would  preclude  the  application 
at  his  test  for  nitrites,  in  cases  where  the  solution  to  be  examined  contained  oidy 
a  iniall  quantity  of  the  nitrate. 
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The  amount  of  peroxide  of  hydrogen  that  is  formed  in  the 
limited  volume  of  liquid  used,  and  under  the  conditions  which 
ordinarily  obtain  when  testing  for  a  nitrate,  is  undoubtedly  very 
small,  but  it  is  nevertheless  sufficient  to  give  a  perfectly  dis- 
tinct reaction  with  acidulated  iodo-zinc-starch  solution.  This 
reaction  is  far  too  strong  to  admit  of  its  being  neglected,  sub- 
tracted, or  allowed  for,  when  searching  for  traces  of  nitrates. 
Hence  it  happens,  that  in  highly  dilute  solutions  of  nitrate  of 
potash  it  is  impossible  to  detect  the  nitrate  by  means  of  iodo- 
starch  as  ordinarily  applied,  not  because  the  products  of  the 
reduction  of  the  nitrate  by  zinc,  or  the  like,  cease  to  act  upon 
the  iodo-starch,  but  because  the  reaction  produced  by  these 
products  is  identical  with  that  of  the  peroxide  of  hydrogen  that 
IS  formed  simultaneously  with  them,  and  whicfi  would  be 
formed  just  as  well  in  pure  water  totally  devoid  of  nitrates. 

Whenever  the  degree  of  coloration  of  the  iodo-starch  obtained, 
in  testing  for  a  nitrate  according  to  Sehoenbein's  method,  is 
less  intense  than  the  tint  obtainable  from  OOOOI  gram  N,0, 
(=0  000187  gram  KNO3)  in  60  ac.  water  it  is  difficult  to  decide 
whether  the  coloration  may  not  be  wholly  due  to  peroxide  of 
hydrogen.  It  is  easy,  at  all  events,  to  obtain  as  much  peroxide 
of  hydrogen  by  boiling  cadmium,  zinc  or  amalgamated  zinc 
with  mere  water,  as  will  give  a  reaction  with  acidulated  iodo- 
zinc-starch  equal  to  that  obtainable  from  0*00005  gram  NjO,  or 
perhaps  even  more.  The  following  experiments  will  illustrate 
this  point. 

A.  To  50  c.c.  of  pure  water  0"0000o  gram  N3O,  (in  the  form 
of  0'0000936  gram  of  nitrate  of  potash)  was  added,  the  mixture 
was  boiled  five  minutes  with  a  piece  of  cadmium,  in  a  small 
flask,  then  cooled,  transferred  to  a  porcelain  capsule,  acidulated 
and  tested  with  iodo-zinc-starch. 

B.  The  same  experiment  was  repeated  with  pure  water  to 
which  no  nitrate  had  been  added. 

C.  Same  as  A.,  with  the  exception  that  zinc  was  used  instead 
of  cadmium. 

D.  Same  as  B.,  with  the  exception  that  zinc  was  used  instead 
of  cadmium. 

The  four  capsules  were  placed  side  by  side  under  a  darkened 
bell  glass  and  left  to  stand  over  night  On  examination  it  ap- 
peared that  while  the  contents  of  capsules  B,  C  and  D  seemed 
to  be  of  one  and  the  same  depth  of  color,  the  contents  of  cap- 
sule A  were  distinctly  lighter  colored  than  those  of  either  of 
the  other  dishes.  The^e  experiments  were  simultaneous,  and 
care  was  taken  that  they  should  be  strictly  comparable 
one  with  another.  Each  experiment  was  conducted  as  if  a 
nitrate  were  being  tested  for.  Equal  surfaces  of  metal,  as 
nearly  as  might  be,  were  exposed  to  the  action  of  the  liquids,  in 
each  instance. 
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• 

Repetitions  of  these  tests  gave  similar  or  analogous  results 
Sometimes  the  contents  of  one  capsule  in  the  series  would 
be  more  or  less  strongly  colored  than  the  rest  and  at  other 
times  another,  but  everything  went  to  show  that  by  this 
method  of  testing,  traces  of  nitrates  cannot  be  distinguished 
from  the  peroxide  of  hydrogen  that  is  naturally  formed  in 
the  liquid  under  examination.  So  too,  when  amalgamated 
zinc  was  used  instead  of  the  simple  zinc  or  cadmium.  It  is 
true,  as  Schoenbein  *  has  said,  that  water  which  contains  only 
Tjiifv  ^^  nitrate  of  potash  will  color  iodo-starch  blue,  after 
having  been  shaken  or  boiled  with  bits  of  amalgamated  zinc, 
filtered,  and  acidulated  with  sulphuric  acid ;  but  since  water 
that  is  absolutely  free  from  nitrates  will  do  almost  precisely  the 
same  thing  when  similarly  treated,  the  statement  is  of  no  value 
either  as  regards  the  delicacy  of  the  test,  or  the  limit  of  its 
applicability. 

rroof  that  the  cause  of  the  reaction  in  the  water  free  from 
nitrates  is  really  due  to  the  presence  of  peroxide  of  hydrogen 
is  readily  obtained  on  testing  the  neutral  liquid  for  that  sub- 
stance, with  a  drop  or  two  of  a  weak  solution  of  ferrous 
sulphate  f  and  the  solution  of  iodo-zinc-starch.  The  charac- 
teristic blue  coloration  of  the  iodo-starch  will  quickly  appear 
when  pure  water  that  has  been  boiled  with  caamium  or  with 
zinc  is  subjected  to  this  test,  while  no  reaction  is  obtained,  even 
after  the  lapse  of  many  hours,  when  pure  water  that  has  not 
been  in  contact  with  a  metal  is  similarly  treated. 

With  pure  water  these  results  are  constant  and  invariable, 
but  it  is  noteworthy  that  on  testing  in  this  way,  samples  of 
water  taken  from  wells,  and  of  rain  water  taken  respectively 
from  a  brick  and  from  a  leaden  cistern,  no  reaction  for  perox- 
ide of  hydrogen  was  obtained  after  simple  boiling  for  five  min- 
utes with  the  cadmium,  though  on  boiling  with  cadmium  and 
then  leaving  the  liquid  to  stand  upon  the  metal  for  twenty-four 
hours  a  reaction  for  the  peroxide  was  finally  obtained  w  ith  the 
rain  water.  So  too  when  the  pure  water  was  tested  in  a  some- 
what difiFerent  ^ay  by  mixing  it  directly  with  the  solutions  of 
iodozinc-starch  and  sulphate  of  iron  and  ammonia,  and  placing 
a  piece  of  cadmium  in  the  mixture,  the  blue  coloration  soon 
appeared,  while  no  such  coloration  was  observed  when  sam- 

Eles  of  rain  or  well  water  were  tested  in  this  way ;  far  from 
ecoming  blue,  the  liquids  soon  acquired  a  rusty  color,  as  if 
from  oxidation  of  the  iron  salt 

Care  was  taken  to  control  the  peroxide  reactions  by  apply- 

*  Zeitschrift  analjt  Chemie,  1862,  i,  15. 

f  Or  instead  of  simple  ferrous  sulphate,  the  double  sulphate  of  protoxide  of 
iron  and  ammonia  may  be  used  with  i^vantage,  as  was  suggested  by  Struve,  Fre- 
0enias*s  Zeitschrift  axudyt.  Chemie,  1869,  viii,  319.  Most  of  the  tests  described  in 
the  text  were  made  with  this  double  salt  Two  or  three  drops  of  a  T^ir  normal 
aohition  of  it  w«re  ordinarily  used. 
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ing  the  test  (ammonium-ferrous  sulphate  and  iodo-zinc-starch) 
to  acidulated  water,  that  had  not  oeen  in  contact  with  cad- 
mium or  zinc,  to  acidulated  and  to  neutral  solutions  of  pure 
nitrate  of  potash,  to  neutral  solutions  of  nitrite  of  soda,  all 
made  with  pure  water,  and  to  the  distillate  from  a  solution  of 
nitrite  of  soda  that  had  been  boiled  with  dilute  sulphuric  acid. 
But  no  trace  of  blue  coloration  was  observed  in  either  instance. 

Corroborative  evidence  of  the  presence  of  peroxide  of  hydro- 
gen in  the  water  that  had  been  boiled  with  cadmium  was  ob- 
tained as  follows :  Two  portions,  each  of  100  ca,  of  pure  water, 
were  taken.  To  one  portion  two  hundredths  of  a  milligram 
of  nitrous  acid  was  added,  in  the  form  of  nitrite  of  soda,  to- 
gether with  2  cc.  of  dilute  sulphuric  acid  (1:4)  and  the  mix- 
ture was  boiled  for  ten  minutes  in  order  to  expel  the  nitrous 
acid.  The  other  portion  was  boiled  with  cadmium,  as  if  it 
were  to  be  tested  for  a  nitrate,  the  cadmium  was  removed,  the 
liquid  was  mixed  with  2  cc.  of  the  dilute  acid  and  then  boiled 
for  ten  minutes.  Each  portion  was  finally  tested,  when  cold, 
with  iodo-zinc-starch.  The  second  portion,  viz:  the  one  to 
which  no  nitrite  had  been  added,  speedily  gave  a  reaction,  but 
the  first  portion  did  not  After  standing  twelve  hours  in  the 
dark,  the  first  portion  remained  colorless,  while  the  second  por- 
tion was  distinctly  blue.  In  a  word,  the  nitrous  acid  known  to 
have  been  present  in  the  first  portion  had  been  completely  ex- 
pelled by  the  boiling,  while  much  of  the  peroxide  of  hydrogen 
in  the  second  portion  had  remained  intact 

The  fact  that  liighly  dilute  aqueous  solutions  of  peroxide 
of  hydrogen  sufier  but  little  decomposition  at  the  tempera- 
ture of  boiling  has  often  been  insistea  upon  ;*  but  less  atten- 
tion seems  to  have  been  paid  to  the  equally  important  fact  f 
that  some  of  the  peroxide  goes  forward,  as  such,  with  the 
vapor  of  water,  and  may  be  detected  in  the  distillate.  This 
volatility  of  the  peroxide  is  a  point  of  no  little  significance  for 
the  analyst,  since  it  makes  it  very  much  more  difficult  than 
would  otherwise  be  the  case  to  detect  traces  of  nitrites  in 
solutions  suspected  to  contain  them,  as  well  as  the  f)eroxide. 
Contrary  to  the  opinion  expressed  by  Plugge  X  it  would  be  alto- 
gether useless  in  delicate  experiments  to  apply,  in  the  presence 
of  peroxide  of  hydrogen,  that  method  or  testing  for  nitrites 
which  depends  upon  the  volatility  of  nitrous  acid,  viz :  the 
distillation  of  the  nitrite  solution  with  a  dilute  acid  and  sub 
sequent  testing,  with  iodo-starch  plus  acid,  for  nitrous  acid  in 
the  distillate.  The  following  experiments  will  illustrate  the 
importance  of  this  consideration.  Two  portions  of  pure  water, 
each  of  250  cc,  were  taken,  and  one  was  distilled  directly  with 

*  Compare  Gmelin-Kraut's  llandbuch  der  Chemie,  1872,  i  (8^  Abth.),  p.  68. 
f  First  recognized,  I  believe,  by  Schcenbein.    See  Will's  Jahresberioht,  1866, 
p.  106. 
X  Fresenius's  Zeitschrift  analyt.  Ohemie,  18T6,  xiv,  141. 
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acetic  acid  while  the  other  was  boiled  with  cadmium  for  five 
minutes  and  thereafter  distilled  with  acetic  acid,  pains  being 
taken  to  make  the  two  experiments  alike  in  all  other  respects. 
The  first  50  c.c.  of  distillate  were  collected  in  each  instance  and 
tested  with  iodo-zinc  starch,  after  acidulation.  No  reaction  was 
obtained  in  the  distillate  from  the  mere  water  and  acetic  acid, 
while  the  distillate  from  the  water  that  had  been  boiled  upon 
cadmium  became  colored  in  less  than  half  an  hour.  EepJeti- 
tions  of  this  experiment  gave  similar  results. 

That  only  a  part  of  the  peroxide  goes  forward  with  the  steam 
will  be  seen  from  the  following  trials  : — Two  separate  260  c^c 

Sortions  of  pure  water  that  had.  just  been  distilled  ofi*  from  a 
ask  containing  a  mixture  of  zinc  and  spongy  copper  were 
boiled  with  cadmium,  and  a  part  of  each  of  the  liquids  was 
tested  directly  with  iodozinc  starch  plus  acid,  while  the  remain- 
ders were  distilled  with  acetic  acid  and  the  first  50  c.c.  of  dis- 
tillate was  subjected  to  the  test  in  each  instance.  In  both 
trials  the  portions  tested  directly  gave  a  stronger  coloration 
than  was  obtained  in  either  of  the  distillates.  In  order  to  be 
sure  that  the  acetic  acid  had  no  improper  influence  on  these 
reactions,  several  portions  of  pure  water  were  distilled  with 
the  acetic  acid  for  a  time,  a  fresh  portion  of  the  acetic  acid  was 
then  added  and  the  next  50  c.c.  of  distillate  was  tested  with 
iodo-zinc  starch  plus  acid,  but  no  reactions  were  obtained,  al- 
though the  mixtures  were  allowed  to  stand  twenty-four  hours 
after  the  application  of  the  test. 

It  may  be  mentioned  in  this  connection  that  the  tendency  of 
peroxide  of  hydrogen  to  be  transported  with  the  vapor  of  water 
may  perhaps  afford  the  true  explanation  of  the  cause  of  the 
presence  of  the  peroxide  in  some  of  the  solutions  examined  by 
Meissner  in  his  Untersuchungen  iiber  SauerstofiF,  Hannover, 
1863,  pp.  94-110.  Such  transportation  of  the  peroxide  may 
account  moreover  for  the  presence  of  this  substance  in  the 
outer  or  water  tube  of  Schoenbein's  and  Meissner's  (op.  cit,  p. 
74)  earlier  experiments  on  the  making  of  peroxide  of  hydrogen 
from  peroxide  of  barium  and  sulphuric  acid,  without  need  of 
supposing  that  the  "  antozone"  of  these  chemists  had  any  part 
in  the  reaction. 

With  regard  to  the  delicacy  of  the  iodo-starch  test  for  nitrates, 
supposing  there  were  no  interference  from  peroxide  of  hydrogen, 
it  appears,  as  has  been  stated  above,  that  that  method  of  pro- 
cedure in  which  the  nitrate  is  reduced  by  itself,  as  a  separate, 
preliminary  step,  before  the  acidulation  of  the  liquor  or  the  ad- 
dition of  the  iodo-starch,  is  decidedly  preferable  to  the  other 
system  of  adding  the  iodo-starch,  the  acid,  and  the  reducing 
agent  all  at  once  to  the  nitrate  solution.     As  Goppelsrceder* 

*  PoggendorfTs  Annalen,  1862,  czv,  128. 
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has  remarked,  it  seems  tx)  be  immaterial  whether  the  nitrate 
solution  be  boiled  for  a  few  moments  with  the  cadmium  or  zinc, 
or  left  to  stand  for  some  hours  in  the  cold  in  contact  with  one 
of  these  metals;  though  the  boiling  will  usually  be  found  more 
convenient  in  practice. 

It  has  been  customary  hitherto,  in  this  laboratory,  to  proceed 
as  follows,  when  testing  for  nitrates  by  Schoenbem's  process: 
100  c.  c.  of  the  suspected  liquid  were  put  in  a  small  glass  flask, 
together  with  bits  of  metallic  cadmium  and  boiled  for  five 
minutes.  When  the  liquid  had  become  cold  half  of  it  was 
transferred  to  a  small  porcelain  dish,  one  c.  c.  of  dilute  sulphuric 
acid*  was  added  to  it,  and  finally,  two  c.  c.  of  iodo-zinc-starch 
solution. f  The  capsule,  with  its  contents,  was  then  placed 
under  a  darkened  bell-glass  and  examined  at  stated  intervals. 
Tested  in  this  way,  a  solution  of  nitrate  of  potash,  containing 

*  The  dilute  sulphuric  add  is  prepared  by  mixing  one  volume  of  oil  of  vitriol 
with  three  volumes  of  pure  water,  boiling  the  mixture  for  an  hour,  and  finally 
adding  enough  pure  water  to  replace  that  which  has  evapovated. 

f  l%e  solution  of  iodo-zinc-starch  is  prepared  as  follows,  after  Kubel-Tiemann, 
"  Ajileitung  zur  Untersuchung  von  Wasser,"  Braunschweig,  1874,  p.  140:  Rub  4 
grams  of  starch  in  a  porcelain  mortar  with  a  little  water,  and  pour  the  smooth, 
milky  liquid,  little  by  little,  into  a  boiling  solution  of  20  grams  pure  commercial 
chloride  of  zinc  in  100  c.  c.  of  distilled  water.  Continue  to  boil  the  mixture 
until  as  much  of  the  starch  as  possible  has  dissolved,  and  the  liquid  has  become 
almost  dear,  taking  care  meanwhile  to  replace  the  water  that  evaporates.  Dilute 
with  distilled  water ;  add  2  grams  of  pure,  dry,  conmierdal  iodide  of  zinc ;  bring 
the  volume  of  the  liquid  to  a  litre,  and  pour  it  into  a  tall  cylinder,  to  settle.  After 
several  days,  decant  the  dear  liquid  and  keep  it  in  the  dark  in  well-closed  bottles. 

Pure  water  is  obtained  as  follows :  Enough  crystallized  permanganate  of  potash 
ia  dissolved  in  rain-water  to  color  the  liquid  strongly ;  the  mixture  is  left  to  stand 
for  24  hours,  and  then  transferred  to  a  copper  still.  A  lump  of  lime  is  added  and 
the  mixture  is  distilled  slowly,  the  first  fractions  of  distillate  being  rejected. 
The  rest  of  the  distillate  is  redistilled  in  a  glass  fiask,  upon  lime,  and  the  new  dis- 
tillate is  rejected  until  it  ceases  to  show  ammonia  when  tested  with  Nessler's  re- 
agent. Such  water  is  free  from  ammonia  and  from  nitrates,  and  when  tested  for 
nitrites  with  iodo-zinc-starch,  plus  acid,  it  will  not  show  any  trace  of  coloration  at 
the  end  of  an  hour,  and  will  seldom  show  any  appreciable  tinge  of  color  when  the 
mixture  is  left  to  stand  over  night,  though  on  standing  for  24  hours  a  faint  shade 
of  color  will  usually  appear.  I  have  conunonly  attributed  this  tendency  to  give  a 
reaction  to  the  presence  of  an  infinitesimal  trace  of  nitrite,  but  it  is  not  impossible 
that  it  may  be  due  to  peroxide  of  hydrogen  that  has  been  formed  by  means  of  the 
copper  of  the  still.  It  would  undoubtedly  i)e  better,  when  possible,  to  perform 
all  the  distillations  in  glass  vessels.  However  that  may  be,  such  water  is  abun- 
dantly pure  enough  for  the  purposes  of  this  research.  For  cases  where  absolute 
punty  is  essential,  water  that  will  not  give  any  reaction  for  nitrites  may  be  pre- 
pared, by  acidulating  with  acid  sulphate  of  soda  the  pure  water  obtiuned  as  alx>ve 
(from  glass  vessels)  and  redistilling  it  in  a  glass  flask.  Free  nitrous  add  being 
readily  volatile  will  go  forward  in  the  first  portions  of  distillate  from  the  addula- 
ted  water,  so  that,  by  rejecting  a  considerable  fraction  of  the  distillate  at  first  and 
saving  the  water  that  comes  over  later,  it  is  no  very  difficult  matter  to  obtain  wa- 
ter that  is  perfectly  free  from  all  three  of  the  nitrogen  compounds  now  in  question 
as  well  as  from  peroxide  of  hydrogen. 

Most  well  waters  it  should  be  said,  are,  if  anything,  rather  better  than  rain-wa- 
ter for  preparing  a  pure  product. 

By  nmking  the  mixture  of  permanganate  and  water  alkaline  with  lime  instead 
of  a  caustic  alkali,  the  nitrous  compounds  which  almost  always  contaminate  the 
latter  are  avoided. 
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OOOOS  grm.  NgO,  in  50  c  c.  water,  gave  an  immediate  colora- 
tion on  being  mixed  with  iodo-zinc-starch  plus  acid,  after  hav- 
ing been  boiled  for  five  minutes  upon  cadmium ;  with  a  solution 
containing  0*0002  grm.  NjO^  the  blue  coloration  appeared 
about  6  minutes  after  the  addition  of  the  iodo-starch,  and  with 
a  solution  containing  0*0001  grm.  NjOg  the  color  began  to  ap- 
pear in  about  8  minutes.  The  last  named  quantity  indicates 
very  nearly  the  limit  of  applicability  of  the  test,  since  the  de- 
gree of  coloration  derivable  from  an  amount  of  the  nitrate  any 
smaller  than  this,  could  hardly  be  distinguished  from  that  due 
to  the  peroxide  of  hydrogen  that  is  obtained  on  boiling  pure 
water  upon  cadmium  or  zinc.  It  is  true  that  the  coloration 
caused  by  the  products  of  the  reduction  of  a  nitrate  generally 
appears  rather  more  speedily  than  the  coloration  proouced  by 
peroxide  of  hydrogen,  but  since  the  reaction  of  the  peroxide 
often  begins  to  show  ten  or  fifteen  minutes  after  the  addition 
of  the  iodo-zinc-starch  and  acid,  and  sometimes  even  sooner,  no 
dependence  can  be  placed  upon  mere  rapidity  in  the  appearance 
of  the  coloration,  as  a  means  of  distinguishing  the  nitrate  from 
the  peroxide.  In  case  the  mixtures  are  left  to  stand  over  night, 
or  for  a  number  of  hours,  after  the  iodo-starch  has  been  added, 
this  seeming  advantage  in  favor  of  the  nitrate  solutions  disap- 
pears, for  after  long  standing  the  coloration  due  to  peroxide  of 
nydrogen  is  often  as  deep  as  that  obtained  from  000005  grm. 
N,Oj,  and  the  diflerence  between  this  tint  and  that  obtained 
from  0*0001  is  by  no  means  large  enough  to  permit  of  distin- 
guishing the  one  from  the  other  with  any  certainty. 

Results  very  different  from  the  foregoing  were  obtained 
when  50  c.c.  of  the  pure  nitrate  solution,  mixed  directly  with 
two  drops  of  the  dilute  acid  and  2  c.c.  of  the  iodo-zinc-starch 
solution,  were  left  to  stand  in  contact  with  a  rod  of  zinc,  accord- 
ing to  the  method  employed  by  Carina*  On  proceeding  in 
this  way,  a  solution  contaming  OOl  grm.  of  NjO,  (=0'01872 
grm.  KNOj),  in  50  c.c.  of  water  gave  a  reaction  almost  imme- 
diately when  the  zinc  was  added  ;  and  a  solution  containing 
0-005  grm.  N^O,  (=0*00936  grm.  KNO,)  began  to  show  a 
blue  coloration  at  the  lower  end  of  the  zinc  rod  in  a  few 
minutes,  while  in  a  solution  containing  0*002  grm.  NaO, 
(=0*00374  grm.  KNOj^  no  coloration  could  be  perceived 
even  after  the  lapse  oi  two  hours,  though  the  liquid  was 
examined  at  frequent  intervals.  On  repeating  this  trial  with 
0*002  grm.  NjO,  a  similar  result  was  obtained.  0*003  grm. 
N,0,  (=0*005616  grm.  KNO,)  in  50  c.c.  water  gave  a 
very  slight  coloration  at  the  lower  end  of  the  zinc  rod 
after  a  comparatively  short  time.  Trials  similar  to  the  above,  in 
which  amalgamated  zinc  was  used  instead  of  simple  zinc,  gave 

*  Ansalen  der  Chemie,  1874,  dzziv,  14. 
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no  better  results,  but  rather  worse  on  the  whole.  Bods  of 
cadmium  appeared  to  be  somewhat  preferable  to  those  of  zinc, 
though  not  much. 

It  will  be  observed  that  the  results  of  these  tests  are  even  less 
favorable  than  those  obtained  by  Carius,  since  this  chemist 
puts  the  limit  of  delicacy  at  0*0016  grm.  KNO,  in  50  ac. 
water.  The  following  experiments  moreover  go  to  show  that 
when  the  test  is  used  in  this  manner  the  presence  of  trifling 
impurities  in  the  solution  to  be  examined  may  interfere  with 
the  reaction  very  decidedly  and  render  the  n^ative  indications 
of  the  test  untrustworthy  even  at  the  comparatively  low  degree 
of  delicacy  above  mentioned.  Thus,  on  repeating  some  of  the 
foregoing  trials  and  using  rain-water  to  aissolve  the  nitrate, 
instead  of  the  pure  water  previously  used  (see  page  182,  note) 
less  favorable  results  were  obtained.  A  solution  of  the  nitrate 
equal  to  0*005  grm  NgO,,  in  50  c.c  cistern  water  gave  no 
reaction  with  the  iodo-zinc-starch  in  the  course  of  an  hour.  On 
repeating  the  trial  with  cistern- water  that  had  just  been  boiled, 
a  slight  reaction  was  obtained,  but  the  blue  color  instead  of 
increasing  faded  away  after  a  time  and  disappeared.  The  pro- 
portion of  acid  employed  to  acidulate  the  mixture  is  not  with- 
out influence  upon  the  delicacy  of  the  test,  and  it  may  well  be 
that  in  order  to  the  best  results  a  larger  amount  of  acid  is 
required  than  was  used  in  the  foregoing  trials.  The  small 
quantity  of  the  acid  actually  taken  was  chosen  in  order  to  con- 
form to  Carius's  injunction  that  "  the  addition  of  but  little  acid 
is  a  condition  of  success."  But  it  appeared  once  on  repeating 
the  trial  with  the  nitrate  solution,  in  pure  water,  that  contained 
0*005  grm.  NjO,  in  50  cc,  that  while  no  coloration  of  the 
iodo-starch  had  appeared  after  some  time  so  long  as  only  two 
drops  of  sulphuric  acid  had  been  added,  the  reaction  soon  set 
in  on  the  addition  of  two  more  drops  of  the  acid. 

The  defect  of  the  usual  method  of  testing  for  nitrates  having 
been  made  apparent,  I  have  naturally  endeavored  to  discover 
some  better  method  of  procedure  which,  while  preserving  all 
the  delicacy  of  the  test,  should  permit  its  general  application. 
Casting  about  for  some  means  of  reducing  nitrates  to  nitrites 
which  should  not  at  the  same  time  occasion  the  formation  of 

Seroxide  of  hydrogen,  I  have  finally  hit  upon  the  simple 
evice  of  boiling  the  nitrate  with  metallic  cadmium  in  water 
that  is  slightly  acidulated,  instead  of  operating  with  neutral 
solutions,  as  has  hitherto  been  recommended.  Contrary  to 
what  might  have  been  inferred  from  what  has  been  published 
hitherto,  and  from  what  is  known  of  the  action  of  acidulated 
water  upon  metals  in  the  cold,  no  peroxide  of  hydrogen  is 
formed  when  water  slightly  acidulated  with  sulphuric  acid  is 
boiled  upon  metallic  cadmium;   and  since  the   reduction  of 
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nitrates  to  nitrites  by  means  of  cadmium  occurs  readily  in  such 
boiling  acidulated  solutions  it  happens  that  the  iodo-starch  test 
can  be  employed  in  this  way  for  the  detection  of  nitrates  with- 
out difficulty  and  with  a  high  degree  of  certainty.  The  only 
special  precautions  to  be  taken  are  to  test  the  boiled  liouid 
with  litmus  paper  in  order  to  be  sure  of  its  acidity,  ana  to 
guard  against  tne  loss  of  any  nitrous  acid  by  volatilization. 
This  can  readily  be  done  by  attaching  to  the  small  flask  in 
which  the  nitrate  is  reduced  a  small  inverted  Liebi^  s  con- 
denser, through  the  sleeve  of  which  a  stream  of  cold  water  is 
made  to  flow.  The  following  experiments  will  illustrate  the 
delicacy  of  this  new  method  of  testing : 

A.  0*0005  grm.  N,0,,  in  the  form  of  nitrate  of  potash,  was 
boiled  for  five  minutes  upon  metallic  cadmium  m  60  c.c  of 
pure  water  to  which  two  drops  of  the  dilute  sulphuric  acid,  of 
p.  182,  had  been  added.  On  testing  with  iodo-zinc-starch  plus 
acid  a  strong  reaction  was  obtained,  almost  immediately. 

B.  0*0002  grm.  NgO,  similarly  treated  gave  a  reaction  in 
about  five  minutes. 

C.  0*0001  grm.  N^O,  gave  a  reaction  in  rather  less  than  fif- 
teen minutes. 

D.  60  c.a  of  pure  water  acidulated  with  two  drops  of  the 
dilute  sulphuric  acid,  and  boiled  upon  cadmium,  witnout  any 
addition  of  a  nitrate,  gave  no  reaction  with  iodo-zinc-starch 
plus  acid,  not  even  on  standing  over  night 

Eepetitions  of  these  trials  gave  results  that  were  identical 
with  the  foregoing. 

E.  000005  grm.  N,0,  in  50  cc.  of  pure  water  was  tested,  as 
above,  in  comparison  with  pure  water  devoid  of  nitrate.  At 
the  end  of  half  an  hour  the  solution  that  had  contained  the 
nitrate  gave  a  rather  strong  coloration  with  the  iodo-starch, 
while  the  pure  water  remained  perfectly  colorless. 

F.  0*00001  grm,  NjO,  in  60  c.a  water  was  tested  as  above. 
But  no  reaction  was  obtained  with  the  iodo-starch,  not  even 
after  the  lapse  of  86  hours. 

G.  In  order  to  determine  whether  metallic  cadmium  in  acid- 
ulated water  actually  destroys  peroxide  of  hydrogen  at  the 
temperature  of  boiling,  100  c  c.  of  pure  water  were  boiled  upon 
cadmium  and  left  to  stand  in  contact  with  the  metal  over  night; 
the  water  thus  charged  with  peroxide  was  divided  into  two 
equal  portions,  one  of  which  was  tested  directly  with  iodo- 
starch  plus  acid,  while  the  other  was  acidulated  with  two  drops 
of  dilute  sulphuric  acid,  again  boiled  upon  cadmium  and  then 
tested.  A  strong  reaction  was  obtained  in  the  portion  tested 
directly,  but  no  reaction  was  obtained  from  the  acidulated  por- 
tion until  after  the  lapse  of  two  hours,  and  then  the  coloration 
was  but  slight    In  repeating  this  experiment,  100  c.  c.  of  pure 
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water  were  boiled  upon  cadmium  for  five  minutes;  50  c.  c  of 
the  water  were  then  poured  off  to  be  tested,  while  two  drops  of 
dilute  sulphuric  acid  were  added  to  the  flask,  and  the  acidu- 
lated liquid  was  again  boiled  for  five  minutes  with  the  cadmium. 
On  decanting  and  testing  the  acidulated  liquid  with  iodo-starch, 
it  gave  no  coloration,  not  even  after  the  mixture  had  stood  over 
night,  while  on  testing  the  portion  that  had  been  boiled  with- 
out acid  it  gave  a  strong  coloration  in  due  course. 

H.  To  see  if  hydrogen  alone  would  so  quickly  destroy  the 
peroxide,  a  stream  of  hydrogen  gas  was  made  to  flow  during 
five  minutes  through  a  solution  of  peroxide  of  hydrogen,  pre- 
pared as  above,  that  was  kept  at  the  temperature  of  boiling. 
But  the  liquid  thus  treated  gave  almost  as  strong  a  reaction 
with  iodo-starch  after  the  passage  of  the  hydrogen  as  it  had 
done  before. 

On  trying  whether  some  one  of  the  more  common  metals 
might  not  perhaps  be  used  in  testing  for  nitrates  by  the  new 
method,  it  appeared  that  neither  of  them  is  on  the  whole  so 
well  fitted  for  the  purpose  as  cadmium.  Thus  on  repeating  the 
foregoing  experiments,  with  zinc,  amalgamated  zinc,  aluminum, 
and  iron,  it  appeared  that  while  no  peroxide  of  hydrogen  was 
formed  on  boiling  acidulated  water  upon  these  metals,  neither 
of  them  was  so  well  fitted  as  cadmium  to  reduce  nitrates  to 
nitrites  in  acidulated  solutions.  From  zinc  and  from  amalga- 
mated zinc,  distinct  reactions  were  obtained  with  solutions  con- 
taining 0*0005  grra.  NgO,  in  50  c.c.  water,  when  the  iodo-starch 
mixture  was  left  to  stand  over  night,  though  no  coloration  ap- 
peared until  after  the  lapse  of  more  than  two  hours;  slight 
reactions  were  obtained  also,  after  long  standing,  from  solutions 
that  contained  O'OOOl  grm.  N3O3  ;  but  no  reaction  was  obtained 
in  a  solution  that  contained  0'000()5  grm.  N3O,.  From  alumi- 
num a  slight  coloration  of  the  iodo-starch  was  obtained,  after 
two  hours  standing,  with  a  solution  that  contained  0*01  grm. 
NgOj  in  100  C.C.  water,  and  a  stronger  reaction  was  got  from  a 
solution  that  contained  more  of  the  nitrate.  From  iron  no 
reaction  was  obtained,  in  the  course  of  two  hours,  with  a  solu- 
tion containing  0*01  grm.  N^O^  in  100  ac.  water,  though  with 
a  considerably  stronger  solution  a  reaction  was  obtained.  A 
solution  containing  0*01  grm.  N^O^  in  100  c.c.  water  boiled 
upon  a  mixture  of  iron  and  platinum  gave  a  reaction  almost 
immediately,  but  one  containing  O'OOl  grm.  N^O,  gave  no  re- 
action after  having  been  boiled  upon  the  mixed  iron  and  plati- 
num. No  reaction  was  obtained  with  a  solution  containing 
0*01  grm.  NjO,  in  100  cc.  water  after  adding  to  it  a  small 
quantity  of  acidulated  sulphate  of  silver  and  boiling  the  mix- 
ture upon  iron. 

Both  lead  and  magnesium  easily  reduce  nitrates  to  nitrites  in 
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acidulated  solutions,  magnesium  perhaps  even  more  readily 
than  cadmium,  but  neither  of  them  would  seem  to  be  so  good 
as  cadmium  for  use  in  testing  for  nitrates  since  they  form  per- 
oxide of  liydrogen  when  boiled  in  water  that  is  no  more 
strongly  acidulated  than  that  just  described.  The  trouble  with 
both  metals,  but  particularly  with  magnesium,  seems  to  bq  that 
they  combine  with  and  consume  the  acid  too  rapidly  so  that 
the  solution  becomes  neutral  or  well  nigh  neutral,  and  fit  for 
the  production  of  peroxide  of  hydrogen,  before  the  boiling 
process  is  finished. 

In  ex.  peri  men  ts  with  lead  it  was  found  that  a  solution  con- 
taining 00001  grm.  N^O,  in  50  c.c.  gave  a  decided  reaction 
with  iodo-starch  in  less  than  half  an  hour,  and  that  a  solution 
containing  000005  grm.  N3O3  gave  a  distinct  reaction  in  half 
an  hour,  though  it  was  not  quite  as  strong  as  the  reaction  ob- 
tained with  cadmium  under  similar  ciix^umstancea  60  c.c. 
pure  water  plus  two  drops  dilute  sulphuric  acid,  boiled  five 
minutes  upon  lead  without  the  addition  of  any  nitrate  gave  a 
slight  reaction  with  iodo-starch  and  acid  on  standing  over  night ; 
but  on  repeating  the  experiment  with  four  drops  of  acid  no 
reaction  was  obtained. 

In  experiments  with  magnesium  it  was  found  that  nitrate 
solutions  containing  respectively  O'OOOl  and  0*00005  grm. 
NjO,  in  50  C.C.  water  gave  reactions  with  acidulated  iodo-starch 
within  fifteen  minutes ;  and  that  a  solution  containing  0*00001 
grm.  NjOj  plus  four  drops  of  acid  gave  a  distinct  reaction  on 
standing  over  night.  But  50  c.c.  pure  water  plus  two  drops 
dilute  sulphuric  acid  boiled  five  minutes  upon  magnesium 
without  addition  of  any  nitrate  gave  a  slight  reaction  in  the 
course  of  two  hours,  and  on  repeating  the  experiment,  with 
four  drops  of  acid  a  slight  reaction  was  obtainexi  on  leaving 
the  mixture  to  stand  over  night,  though  none  was  visible  at  the 
end  of  two  houra.  With  silver,  an  acidulated  solution  contain- 
ing 0*026  grm.  N^O,  in  50  c.c.  water  gave  a  very  slight  reac- 
tion with  iodo-starch  in  the  course  of  two  hours,  while  a  weaker 
neutral  solution,  containing  0*01  grm.  N^Oj  in  100  c.c  water, 
that  was  boiled  upon  silver  gave  no  reaction. 

It  is  to  be  observed  that  in  the  foregoing  set  of  experiments 
the  solutions  were  acidulated  in  every  instance  before  the  boil- 
ing, and  that  an  inverted  condenser  was  always  attached  to  the 
flask  in  order  to  prevent  the  escape  of  any  nitrous  acid. 

Solutions  containing  0*006  grm.  N3O3  in  60  c.c.  acidulated 
water,  left  in  contact  for  eight  hours  or  more  in  the  cold  with 
metallic  aluminum,  iron  or  zinc,  and  then  tested  with  iodo- 
starch  gave  no  reaction  in  the  cases  of  iron  and  zinc,  and  only 
a  slight  coloration  in  the  case  of  aluminum. 

No  reaction  for  peroxide  of  hydrogen  was  obtained  in  acid- 


188  F.  K  Storer—SchcenbeMs  Teat  far  Ntirales. 

ulated  water  that  had  been  boiled  five  minates  upon  a  mixture 
of  pieces  of  tin  and  platinum,  nor  was  any  reaction  obtained 
from  an  acidulated  solution  of  nitrate  of  potash  that  had  been 
similarly  boiled. 

Numerous  trials  were  made  to  discover,  if  possible,  some  re- 
ducing agent  which,  though  proper  to  change  nitrates  to  nitrites 
in  neutral  solutions,  should  not  form  peroxide  of  hydrogen  in 
such  solutions;  but  all  these  efforts  were  unsuccessful.  In  point 
of  fact  there  are  comparatively  few  chemicals  capable  of  reduc- 
ing nitrates  to  nitrites  in  presence  of  much  water;  while  most, 
if  not  all,  of  these  substances  readily  form  peroxide  of  hydrogen 
when  left  in  contact  with  water  and  air.  Among  metals,*  I 
have  found  only  iron  and  lead  that  seem  to  be  at  all  fit  to  be 
used  as  substitutes  for  cadmium  or  zinc,  in  testing  for  nitrates 
by  the  old  method.  Both  these  metals  readily  reduce  nitrates 
to  nitrites  in  dilute  neutral  solutions  at  the  boiling  temperature ; 
but  they,  as  well  as  magnesium,  aluminum,  and  copper,f  cause 
the  formation  of  peroxide  of  hydrogen  also,  when  boiled  in 
pure  water.  Aluminum,  though  it  reduces  nitrates  to  nitrites 
m  neutral  solutions,  seems  to  be  inferior  to  zinc  for  this  purpose, 
and  magnesium,  though  it  reduces  nitrates  very  readily  in  neu- 
tral solutions,  seems  to  form  peroxide  of  hydrogen  even  more 
easily  than  cadmium. 

The  behavior  of  iron  and  lead  towards  nitrates  will  appear 
from  the  following  statement :  Neutral  solutions  of  nitrate  of 
potash,  containing  in  100  c.  c.  of  water  0*01  grm.  (or  more)  of 
NjO^,  gave  a  strong  reaction  with  the  iodo-starch,  alter  having 
been  boiled  five  minutes  upon  iron  wire;  with  0*001  grm.  N^O, 
the  reaction  soon  appeared,  and  with  0*0001  grm.  N.O,  the  re- 
action appeared  after  some  little  tiine.  A  special  experiment 
was  made,  as  follows,  to  test  the  eflSciency  of  iron  as  compared 
with  that  of  cadmium  or  zinc:  50  c.  c.  of  pure  water  were 
boiled  for  five  minutes  upon  iron  wire  in  one  flask,  while  in 
another  flask  50  c.  c.  of  pure  water,  plus  0*0005  grm.  N^O,,  in 
the  form  of  nitrate  of  potash,  were  boiled  upon  an  equal  amount 

*  I  have,  as  yet,  made  no  experiments  with  the  alkali  metals  or  their  amalgams. 

f  And  yarious  other  metals,  as  recorded  in  Gmelin  Kraut's  Handbuch,  1  (2  Abth.^ 
p.  56. 

Since  the  above  statement,  that  iron  forms  peroxide  of  hydrogen  on  being  boiled 
with  water  in  contact  with  air,  may  seem  to  conflict  with  Schoenbein's  observation 
that  the  peroxide  is  not  formed  when  iron  is  shaken  in  water  and  air,  it  may  be 
well  to  g^ve  the  evidence  on  which  it  depends.  Pure  water  was  boiled  with  iron 
wire  for  five  minutes;  the  cold  liquid  was  mixed  with  iodo-zinc-starch  solution 
and  dilute  sulphuric  acid,  and  left  to  stand  over  night.  A  purplish  coloration 
was  obtained.  On  repeating  the  experiment,  a  precisely  similar  reaction  was  ob- 
served. This  coloration  is  rather  less,  it  should  be  said,  than  that  obtained  from 
the  other  metals  enumerated  above;  but  is,  nevertheless,  perfectly  distinct  and 
characteristic.  In  still  another  experiment,  where  pure  water  was  boiled  upon 
sheet  iron,  no  reaction  for  peroxide  of  hydrogen  was  obtained.  The  liquid  assumed 
a  rusty  tint,  and  no  blue  coloration  could  be  perceived. 
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of  the  iron  wire.  When  cold,  the  liquids  were  transferred  to 
porcelain  capsules,  mixed  with  iodo-zinc-starch  and  acid,  and 
left  to  stand  over  night.  Decided  reactions  were  obtained  in 
both  instances,  but  the  liquid  to  which  the  nitrate  had  been 
added  was  deeper  colored  than  the  other,  and  the  difference  in 
tint  between  the  contents  of  the  two  dishes  seemed  to  be  rather 
more  marked  than  was  the  case  in  similar  experiments  where 
cadmium  or  zinc  had  been  used  instead  of  iron.  It  is  not  un- 
likely that  iron  would  have  been  rather  better  fitted  than  either 
of  these  metals,  for  use  in  testing  for  nitrates  according  to  the 
old  plan. 

On  repeating  this  last  experiment  with  metallic  lead,  instead 
of  iron,  decided  reactions  were  obtained  with  the  iodo-starch  in 
both  dishes ;  but  the  colorations  were  of  about  the  same  depth 
as  those  ordinarily  obtained  with  cadmium,  and  that  obtained 
from  the  nitrate  solution  was  no  stronger  than  that  from  the 
pure  water. 

Solutions  of  nitrate  of  potash  (0*01  Rrm.  N^O,  to  100  c.  c. 
water),  made  alkaline  with  potash  or  with  lime,  were  reduced, 
with  formation  of  some  nitrite,  when  boiled  for  five  minutes 
upon  iron,  or  left  to  stand  over  night  in  contact  with  the  metal 
in  the  cold ;  but  the  reactions  with  iodo-starch  that  were  ob- 
tained in  this  way  were  less  strong  than  those  got  by  operating 
upon  neutral  solutions  of  the  nitrate. 

The  following  substances  failed  to  reduce  nitrate  of  potash 
when  boiled  for  five  minutes  with  neutral  solutions  of  that  sub- 
stance, containing  0*025  grm.  NjO^  in  100  c.  c.  water,  or,  at  the 
least,  no  reaction  could  oe  obtained  with  the  iodo-starch  after 
using  them,  viz:  filter-paper,  phosphorus  (ordinary  and  amor- 
phous), arsenic,  ferrous  sulphate,  ferrous  sulphide,  and  sulphite 
of  lead.  No  reaction  was  obtained  when  acidulated  solutions 
of  the  nitrate,  of  the  above  mentioned  strength,  were  boiled 
with  stannous  chloride,  ferrous  sulphate,  glucose,  or  arsenic. 
No  reduction  to  nitrite  was  detected  when  solutions  of  the  ni- 
trate that  had  been  mixed  with  lime  were  digested  with  ordi- 
nary or  amorphous  phosphorus,  glucose,  or  ferrous  sulphide, 
or  when  a  solution  that  had  been  mixed  with  hydrate  of  potash 
was  boiled  upon  metallic  arsenic. 

On  the  other  hand,  recently  precipitated  cupreous  oxide,  boiled 
for  five  minutes  with  neutral,  acid,  and  alKaline  solutions  of 
nitrate  of  potash  (0*01  N^Oj  in  100  c.  c.  water),  reduced  some 
of  the  nitrate  in  each  instance,  so  that  reactions  were  obtained 
on  adding  iodo-starch  to  the  several  filtrates,  but  as  the  reac- 
tions were  not  very  strong  there  seemed  to  be  little  encourage- 
ment to  proceed  with  the  inquiry. 

If  it  were  less  difficult  than  it  is,  to  manipulate  with  thor- 
oughly boiled  water  so  that  no  atmospheric  air  should  come 
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into  contact  with  it,  it  would  be  possible,  by  using  such  water, 
lo  avoid  the  interference  of  peroxide  of  njdrogen,  in  testing 
for  nitrates  in  neutral  solutions  by  Schcenbein's  process ;  for, 
out  of  contact  with  the  air,  no  peroxide  of  hydrogen  is  formed 
by  the  action  of  cadmium  or  zinc  upon  water  that  has  been 
thoroughly  boiled,  in  a  glass  flask,  provided  with  a  long  and 
very  narrow  outlet  Even  when  no  special  pains  are  taken  to 
preserve  such  water  from  contact  with  the  atmosphere  after 
the  boiling,  it  is  easy  to  perceive  that  peroxide  of  hydrogen 
does  not  readily  form  in  it  So  too,  though  in  a  lesser  degree, 
with  water  that  has  been  well  nigh  completely  deprived  of  air 
by  distillation  in  the  vacuum  of  an  air-pump.  But  no  such  in- 
ability to  yield  peroxide  of  hydrogen  was  observed  in  water 
that  had  been  boiled  for  a  long  time  in  a  copper  flask,  into  the 
neck  of  which  a  long  and  very  narrow  brass  tube  had  been  sol- 
dered. The  boiled  water  from  the  copper  flask  gave  a  reaction 
for  the  peroxide  even  when  tested  directly,  without  having  been 
put  in  contact  with  any  other  metal. 

I  am  much  indebted  to  ray  assistant,  Mr.  D.  S.  Lewis,  for  his 
cooperation  in  this  investigation. 

fiussey  Institution,  Jamaica  Plain,  Mass.,  June,  1876. 


Art.  XXIII. — Note  on  the  douhle  decomposition  of  Polassic  Bro- 
mide and  Sodic  Chloride;  by  J.  H.  Bill,  Surgeon  U.  S.  Army. 

In  the  practice  of  analytical  chemistry  it  is  the  custom  in 
arranging  and  recording  the  results  to  associate  the  **  strongest 
acid"  with  the  "  strongest  base."  Thus,  if  barium,  pota.«»sium, 
sulphuric  and  nitric  anhydrides  are  found  in  a  compound,  in 
the  statement  of  the  analysis  we  associate  together  the  barium 
and  sulphuric  anhydride  and  the  potassium  and  nitric  anhy- 
dride. 

In  this  record  nothing  is  assumed,  for  the  basic  sulphate  sepa- 
rates as  an  insoluble  powder,  the  potassic  nitrate  remaining  in 
solution  a  soluble  crystalloid. 

Again,  if  potassium,  sodium,  chlorine  and  bromine,  are 
found  in  a  mixture  we  record  the  results  as  so  much  potassic 
chloride  and  sodic  bromide,  or  if  we  mix  solutions  of  potassic 
bromide  and  sodic  chloride  we  hold  that  potassic  chloride  and 
sodic  bromide  exist  in  the  mixture  in  consequence  of  a  double 
decomposition.  On  what  do  we  rest  such  an  assumption  ?  Is 
it  on  anything  more  than  analogy?  The  haloid  salts  of  potas- 
sium and  of  sodium  have  nearly  the  same  solubility,  and  crys- 
talline forms.  We  get  no  precipitate  on  mixing  their  solutions, 
nor  characteristic  crystals  on  evaporating  these,  nor  change  of 
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color  in  the  solutions  themselves,  nor  other  evidence  that  the 
chemical  relations  of  the  several  bodies  have  been  altered.  In 
short  our  belief  in  this  alteration  is  purely  hypothetical. 

Several  years  ago  while  conducting  a  physiological  research 
on  the  action  of  the  bromides  I  observed  certain  facts  which 
I  here  oflFer  as  a  demonstration  of  the  proposition  that  potassic 
bromide  and  sodic  chloride,  when  brought  together  in  solution, 
undergo  double  decomposition. 

K  five  or  six  grams  of  potassic  bromide  are  administered  to  a 
healthy  man,  his  urine  of  the  succeeding  twenty-four  hours  will 
show  the  following  changes :  Nearly  all  the  potassium  ingested 
as  potassic  bromide  will  be  found  in  the  urine  in  addition  to  that 
naturally  present,  united  with  chlorine  augmented  according  to 
the  amount  of  bromide  taken  ;  the  sodium  scarcely  altered  in 
(quantity ;  the  sulphates  and  phosphates  unchanged :  only  a  very 
little  bromine  will  be  found.  Bromides,  however,  may  be  de- 
tected for  two  weeks  after  the  last  dose  taken,  whilst  excess  of 
potassium  will  be  found  only  after  the  first  day. 

I  can  account  for  these  facts  only  on  the  supposition  that  the 
potassic  bromide  ingested  was  decomposed  by  the  sodic  chlo- 
ride of  the  blood,  potassic  chloride— excreted  by  the  urine — 
and  sodic  bromide — retained  in  the  blood  as  a  substitute  for 
sodic  chloride — resulting. 

Further,  this  decomposition  was  the  result  of  simple  chemical 
affinity.  We  know  of  no  instance  where  a  "  vital  force"  changes 
in  the  body  the  usual  action  of  chemical  force  and  we  have  no 
right  to  assume  it  here.  We  hold  the  reaction  therefore  to  be 
a  universal  one.  I  submit  the  average  result  of  three  analyses 
when  no  bromide  was  taken,  and  the  average  results  of  six 
analyses  of  urine  when  the  body  was  under  the  influence  of 
from  five  to  ten  grams  of  potassic  bromide.  The  results  show 
the  amounts  of  the  whole  twenty-four  hours,  all  the  urine  for 
that  period-  being  collected.  The  method  was  to  incinerate  a 
portion  of  the  urine  and.  from  the  ash  to  separate  the  alkaline 
earths,  sulphates  and  phosphates.  The  sodium  and  potassium 
were  then  estimated  in  the  form  of  chlorides  by  the  indirect 
method.  The  chlorine  and  bromine  were  also  estimated  indi- 
rectly. 

Potassium.    Sodium.    Chlorine.    Bromide, 
grms.         grms.        g^rms.          grms. 
No  bromide  taken  4-21         7*67         9*66         

T  have  waited  for  a  chance  to  extend  these  experiments  to 
the  reaction  of  the  iodides  and  chlorides,  but  seeing  no  proba- 
bility that  an  immediate  opportunity  of  doing  so  will  present 
itself  I  publish  this  note  for  what  it  is  worth. 

New  York,  June  15, 1876. 
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Art.  XXrV. — Note  on  Erosion;  bj  Jamrs  D.  Dana. 

In  Professor  Gilbert's  very  valuable  paper  on  **The  Colorado 
Plateau  Province,"*  the  author  speaks  of  the  process  of  erosionf 
as  including  the  three  general  divisions,  **  (1)  loeaihering,  (2) 
transportation,  and  (8)  corrasion  ;"  and  states  that  **  corrasion  is 
performed  by  solution,  and  by  mechanical  wear;"  that  the 
mechanical  wear  is  due  to  the  blows  which  the  moving  frag- 
ments [of  the  detritus]  deal  upon  the  stream  bed,  and  among 
themselves ;  and  that  "  the  element  of  velocity  is  of  double  im- 
portance, since  it  determines,  not  only  the  speed,  but,  to  a 
great  extent,  the  size  of  the  pestles  which  grind  the  rocks."  He 
further  observes,  in  his  excellent  explanatory  analysis  of  the 
mechanical  action  of  flowing  water,  that  the  energy  of  a  stream 
is  used  up  in  transportation,  corrasion,  and  friction,  either  one 
or  all ;  ana  that  sometimes  partly  also,  but  not  usually  so,  in  pro- 
ducing an  increase  in  the  velocity  of  flow ;  that  the  energy  "m  a 
clear  stream  is  entirely  con sumea  in  friction  on  its  bottom,"  and 
in  one  that  is  loaded  to  its  full  capacity  with  detritus,  in  transpor- 
tation. From  these  principles,  ne  concludes  that  *'  if  a  stream 
has  no  load  of  detritus  it  corrades  only  by  solution,"  that  is, 
by  softening  and  dissolving  away  the  rocks. 

The  eroding  action  directly  connected  with  friction  is  not 
dwelt  upon  by  Professor  Gilbert,  nor  distinctly  included  in 
the  "general  divisions"  of  erosion  which  he  enumerates,  although 
he  is  unquestionablv  familiar  with  the  facts ;  and  a  few  words 
on  the  subject  are  therefore  here  added,  since  an  appreciation 
of  the  work  which  may  thus  be  done  appears  to  be  essential  to  a 
full  understanding  of  the  method  of  cafion -making. 

The  impinging  of  the  flowing  waters  against  the  bottom  and 
sides  of  a  stream  generally  causes,  besides  a  diminution  of 
velocity  owing  to  friction,  an  overcoming  of  adhesion,  and 
of  other  sources  of  resistance  to  displacement,  in  the  material 
acted  upon.  The  operation  is  exhibited,  on  a  small  scale,  at 
the  placers  of  California  and  the  Rocky  Mountains,  where  a 
stream  of  water — strictly  a  water-fall — ^strikes,  in  a  jet,  the 
rather  firmly  consolidated  gravel  bank,  and,  in  an  incredibly 
short  time,  levels  the  thick  deposits  over  a  large  area.  The 
water  that  impinges  has  **  no  load  of  detritus,"  and  yet  it  erodes 
with  tremendous  efficiency.  The  flooded  rivers  that  tear  houses 
from  their  foundations,  and  break  off  or  uproot  trees,  afford 
other  examples;  for  the  work  is,  first,  rending,  and  then,  trans- 
portation. The  sudden  rise  of  several  feet  or  yards  in  a  moun- 
tain stream,  or  along  a  western  cafion,  sometimes  occurring  as 

*  This  volume,  pages  16,  85.  f  Ibid.,  p.  89. 
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a  consequence  of  a  severe  and  short  stonn,  often  aflfords,  as  is 
well  known,  vast  eflFects  of  this  kind. 

Flowing  water,  causes  easily,  through  this  method  of  erosion, 
a  rapid  destruction  of  those  deposits  that  are  imperfectly 
cemented ;  but  not  these  alone.  It  may  cause  a  rapid  degrada- 
tion also  of  hard  rocks.  For  granite,  quartzyte,  sandstone, 
limestone,  and  other  rocks  equally  firm,  are  generally  jointed 
throughout,  that  is,  intersected  everywhere  by  a  system  of 
fractures ;  and  many  kinds  also  break  easily  into  slates,  flags, 
or  chips,  even  without  a  previous  weakening  by  weathering. 
Consequently,  when  the  waters,  swollen  to  flood  height  and 
quickened  immensely  in  velocity,  plunge  along  a  gorge,  they 
readily  tear,  shove,  or  wrench  out  of  place  blocks  or  slabs  ex- 
posed in  the  walls  to  their  violence.  As  the  waters  hurry  on, 
they  dash  in  many  places,  with  the  full  force  of  the  stream, 
against  projecting  ledges,  and  drive  into  all  crevices  or  openings, 
causing  a  vast  amount  of  degradation ;  and  much  additional  by 
undermining  and  toppling  down  the  piles  of  strata  above. 

Such  waters  in  the  rocky  regions  of  the  west,  where  the  bed 
and  gorge  are  rock-made,  transport,  in  their  greatest  floods  but 
a  small  part  of  the  detritus  which  at  so  rapid  a  rate  of  flow 
they  could  carry,  and  hence,  comparatively  little  of  the 
energy  is  used  up  in  transportation.  Moreover,  the  descent  in 
the  cafioned  streams  of  the  Rocky  Mountain  slopes  is  often  — 
much  oftener,  probably,  than  Professor  Gilbert  seems  to  allow — 
sufficient  to  produce  an  increasing  velocity  as  a  direct  conse- 
quence of  the  fall,  and  hence  an  accumulation,  thereby,  of  work- 
ing force  or  energy ;  and  all  this  would  augment  greatly  the 
results.  The  clearer  the  waters,  the  greater  will  be  the  velo- 
city, and,  hence,  the  vaster  the  amount  of  degradation  by  this 
means — though  detritus  would  increase  the  effects  if  the  velocity 
remained  the  sama 

It  has  been  well  said  that  glaciers  depend  largely  for  their 
work  in  the  way  of  erosion  on  the  jointed  condition  of  the  rocks 
over  which  they  pass,  these  making  it  easy  for  the  moving  ice 
to  force  out  or  place  great  masses  for  transportation,  and  so 
make  rapid  progress  in  degradation ;  and  that  the  abrasion  by 
means  of  stones  in  the  bottom  of  the  ice  is  comparatively  of 
trifling  importance.  I  am  strongly  inclined  to  believe  that  the 
same  general  feet  is  true  as  regards  erosion  by  rapid  rivei-s  over 
a  rocky  region ;  and  hence  that  the  results  of  friction^  or  of  the 
blows  of  the  impinging  torrent,  are  the  chief  means  of  degradation 
in  most  cases  of  cafion-making ;  that  abrasion,  or  the  wear  of 
the  sides  and  bottom  by  transported  intones  and  earth  (included 
under  corrasion  by  Professor  Gilbert),  is  of  next  importance ; 
while  the  mutual  wear  of  the  trans[>orted  particles  or  frag- 
ments, or  corrasionj  aids  in  clearing  tne  gorge  of  the  dislodged 
material. 
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Art.  XXV. — Classified  lAst  of  Rocks  observed  in  the  Huronian 
Series,  south  of  Ixike  SSvperior^  with  remarks  on  their  abundance^ 
transitions^  and  geofjraphical  distribution;  also  a  tabular  pre- 
sentation of  t/ie  Sequence  of  t/te  beds,   with  an  Hypothesis  of 
Equivalency ;  by  T.  B.  BROOKa 

During  the  last  ten  years  I  have  explored  more  or  less 
thoroughly  the  east  and  north  portions — about  one-third^-of 
the  large  Archaean  area  lying  southwest  of  Lake  Superior,  em- 
bracing the  iron  and  copper  regions  of  northern  Michigan  and 
Wisconsin.*  Besides  observations  in  the  field,  I  have  collected 
and  catalogued  over  8,000  rock  specimens,  mostly  Huronian, 
embracing,  it  is  believed,  all  the  kinds  and  most  of  the  varieties 
to  be  observed  in  that  portion  of  the  region  which  came  under 
my  observation.  The  most  interesting  of  these  specimens  hav- 
ing now  been  more  or  less  thoroughly  studied  oy  competent 
litnologists,  I  feel  warranted  in  preparing  the  following  list  of 
names  with  classification.  They  are  based  largely  on  a  micro- 
scopic study  of  over  200  thin  sections  of  typical  rocks,  made  by 
Dr.  A.  Wichmannf  of  Leipsic  under  the  supervision  of  Prof.  Zir- 
kel,  an  equal  amount  of  similar  work  by  Mr.  Chas.  E.  Wright,:^ 
together  with  a  considerable  number  of  similar  examinations 
made  by  Mr.  Frank  Rutley  of  London.  Dr.  T.  S.  Hunt  has 
compared  a  large  number  with  the  Huronian  rocks  of  Canada  ; 
Dr.  A.  Tcirnebohm  of  Stockholm  has  made  similar  comparisons 
with  rocks  of  Scandinavia,  and  Herr  B.  Wapler  of  Freiberg, 
with  the  rocks  of  Saxony.  Prof.  Geo.  J.  Brush  has  made  sev- 
eral analyses  and  determinations  of  essential  mineral  constitu- 
ents.  Prof.  R  Pumpelly  placed  at  my  disposal  his  numerous 
field-notes,  made  in  the  Archaean  area.  Mr.  A.  A.  Julien  has 
minutely  described  the  physical  characters  of  these  rocks  in 
Appendix  A,  vol.  ii,  of  tlie  Michigan  Geological  Reports,  1873. 

From  this  material  the  nomenclature  given  below  has  been 
chiefly  drawn.  As  many  of  the  rocks  are  fine-grained,  often 
aphanitic  mixtures  of  obscure  amphibolic  and  feldspathic  min- 
erals, the  different  kinds  and  varieties  graduating  into  each 
otlier,  it  is  to  be  expected  that  similar  specimens  would  often 
receive  different  names.  This  has  been  particularly  the  case 
with  the  hornblendic  rocks,  diorytes,  diabases,  and  certain  re- 
lated chloritic  schists,  also  to  a  less  extent  with  hydro-magne- 

*  For  geographical  distribution  and  structural  relations  of  the  copper-bearing 
rocks,  see  Brooks  and  Pumpellj,  Am.  Jour.  Sci.,  vol.  iii,  June,  1872 ;  also  for 
Archaean  of  Michigan,  their  Map  No.  1,  Atlas  of  Michigan  Geological  Surrey, 
1873.     But  little  of  Northern  Wisconsin  is  mapped  in  detaiL 

{Dr.  Wichmann  is  preparing  a  paper  embodying  the  results  of  his  labors. 
Mr.  Wright's  work  was  done  for  the  Wisconsin  Geological  Sunrey,  but  the 
results  are  not  yet  published. 
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sian,  argillaceous,  and  mitraceous  rocks.  An  effort  has  been 
made  to  reconcile  these  different  views  through  the  results  of 
the  microscopic  investigations  of  the  gentlemen  above  named, 
as  well  as  by  observations  in  the  field,  where  a  fine-grained  or 
altered  rock  can  often  be  traced  through  its  various  transitions 
to  a  coai-ser  and  typical  variety. 

The  age  and  distribution  of  the  different  members  of  the 
Huronian  series  given  in  the  annexed  table  are  chiefly  based 
on  my  own  observations ;  use,  however,  has  been  made  of  the 
notes  of  Prof.  Pumpelly  and  Mr.  Wright,  and  the  publications 
of  Dr.  Credner,  whose  descriptions  of  the  transitions  of  the 
various  rocks  are  excellent  The  hypothetical  scheme  of 
equivalency  presented  in  the  table  is  my  own.*  That  subject 
was  also  discussed  in  a  paper  entitled,  "  On  the  youngest 
Huronian  Rocks  south  of  Lake  Superior,  and  the  age  of  the 
Copper-bearing  Seriea"t 

Tne  thickness  of  the  Huronian  series,  which  are  everywhere 
sharply  folded,  thus  presenting  their  upturned  edges  which  are 
often  abruptly  curved,  striking  at  every  point  of  the  compass, 
— can  only  be  determined  with  exactness  by  a  protracted  study 
of  many  sections.  Exclusive  of  the  youngest  observed  mem- 
ber (the  granite  bed  XX,  only  recently  made  out),  the  thickness 
seems  least  in  the  Marquette  and  western  districts,  where  it  is 
believed  not  to  exceed  6,000  feet,  and  greatest  in  the  Menomi- 
nee Region,  where  it  may  exceed  12,000  feet  I  do  not  know 
how  Dr.  Credner  obtained  his  estimate  of  18,000  ftij:  as  the 
thickness  of  the  sixteen  oldest  beds  of  my  scheme  (the  only 
ones  he  examined)  in  the  Menominee  Region.  In  one  instance, 
however,  owing  to  his  having  mistaken  cleavage  for  bedding 
planes  (bed  IX),  he  overlooked  at  least  one  synclinal  and  one 
anticlinal  fold,  thus  counting  the  same  bed  at  least  three  times. 

The  lithological  classification  adopted  is  that  given  in  the 
second  edition  of  Dana's  Manual  of  Geology,  1875,  as  best  em- 
bracing the  facts.  No  other  classification  of  rocks  that  has 
come  under  my  notice  admits  the  so-called  greenstones  among 
metamorphic  rocks,  where,  following  the  lead  of  the  Canadian 
geologists,  I  would  place  the  diorytes,  diabases,  and  related 
schists,  so  abundant  in  the  Huronian  area  south  of  Lake  Supe- 
rior, especially  in  the  eastern  portion,  which  is  nearest  the 
Huronian  of  Canada. 

*  Dr.  H.  Credner  makes  my  oldest  fourteen  beds  of  the  Marquette  series  the 
equivalents  of  the  quartzyte  bed  II  of  t^e  Rienominee  seriea  See  Zeitschrift  der 
deutschen  geologischen  Gesellschaft,  zzi  Band,  1869.  Uis  having  failed  to  rec- 
ognize the  upper  Huronian,  detracts  considerably  from  the  weight  of  this  hypoth- 
esis. 

f  Published  in  the  preceding  volume  of  this  Journal,  page  206. 

X  See  his  article  referred  to  in  the  above  note. 
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EXPLANATIONa 

1st.  The  numbers  following  many  names  refer  to  tvpical 
specimens  of  that  rock  contained  in  my  Michigan  State  (3ollec- 
tion  (see  catalogue*  in  Geological  Survey  of  Michigan,  1873, 
vol.  ii,  p.  201),  partial  duplicate  suites  of  which  were  fiimished 
the  University  of  Michigan,  Boston  Institute  of  Technology, 
Harvard  University,  Sheffield  Scientific  School,  the  Schools  of 
Mines  in  New  York  and  Philadelphia,  Smithsonian  Institution, 
as  well  as  several  other  American  and  foreign  institutions. 
See  list  in  the  report  named  above.  The  same  numbers  re- 
peated in  the  table  indicate  their  stratigraphical  position,  and 
the  region  from  which  obtained.f 

2d.  Those  rocks  marked  L  have  also  been  observed  in  the 
Lauren tian  system,  which  has  however  been  but  little  explored. 
No  Huronian  rocks  are  believed  to  be  identical  with  those  of 
the  copper-bearing  series,  although  some  of  the  green.stones 
have  considerable  resemblance. 

8d.  The  Marquette  region  embraces  the  important  iron-min- 
ing district  southeast  of  Keeweenaw  Bay;  of  which  Marquette 
in  Michigan  is  the  chief  port  About  fifty  or  sixty  miles  south 
is  the  undeveloped  Menominee  iron  region  extending  into  Wis- 
consin. One  hundred  and  twenty -five  miles  west  of  Marquette, 
on  Black  River.  Mich.,  and  thirty  miles  farther  west,  where 
Bad  River  crosses  the  Penokie  Iron  Range,  Wis.,  the  Huronian 
aeries  is  well  exposed.     See  table. 

4th.  The  Roman  numerals  of  the  table  express  the  approxi- 
mate relative  age  of  the  twenty  beds  into  which  it  has  been 
found  convenient  to  divide  the  Huronian  of  the  Marquette  and 
Menominee  regions,  numbered  from  the  oldest  upward.  The 
equivalency  has  been  extended  with  less  certainty  to  the  Black 
River  and  Bad  River  series,  and  with  still  less  to  the  Huronian 
of  Canada.     See  table. 

5th.  The  names  of  rocks  which  have  not  been  observed  in 
the  Huronian  are  usually  printed  in  italics. 

6th.  The  varieties  of  each  kind  of  rock  are  arranged  in  the 
order  of  relative  abundance,  so  far  as  known. 

1.  Fragmental  Rocks,  exclusive  of  Limestones. 

True  quartz- conglomerates  are  not  abundant,  but  occur  in 
the  Middle  Huronian,  both  in  the  Marquette  and  Menominee 
Regions  ;  and  in  the  latter,  at  the  base  of  the  series,  is  a  proto- 
gine  conglomerate  holding  pebbles  of  granite,  gneiss,  and  quartz. 

*  A  supplementary  revised  and  extended  descriptive  catalogue  of  this  typioal 
suite,  now  much  extended,  is  in  course  of  preparation. 

f  The  specimen  numbers  in  italics  were  selected  by  Dr.  Wichmann  as  possess- 
ing the  greatest  lithological  interest.  Duplicates  have  been  given  to  B.  Fueea, 
Berlin,  from  which  I  understand  he  will  furnish  mounted  thin  sections. 
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LamiDse  of  quartz-sandstone  occur  in  magnetite  at  one  local- 
ity, and  arenaceous  quartzytes  approaching  sandstones  at  sev- 
eral points.  Shaly  argillaceous  rocks  without  oblique  cleav^age, 
in  places  highly  carbonaceous,  are  somewhat  common;  and 
earthy  limonites,  having  the  character  of  residual  deposits, 
occur  in  the  Marquette  Begion.  These  rocks  would  strictly 
belong  in  this  class,  but  as  their  quantity  is  comparatively 
small,  and  as  they  are  interstratifiea  with  and  graduate  into 
metamorphic  rocks,  of  which  they  often  appear  to  be  altered 
forms,  they  are  classed  below,  where  they  may  stand  for  the 
least  metamorphosed  varieties  of  the  series. 

2.  Metamorphic  Bocks,  not  CALCAREOua 

1.  77ie  Micorbearing  Series. 

(1.)  Granite.  (L.)  Confined  to  the  youngest  bed ;  also  occurs 
rarely  in  veins  in  Lower  and  Upper  Huronian.  Common 
(gray) — loi.     Gneissic.     Semi-porphyritic. 

(2.)  Pegmaiyie. 

(S.)  Oranulyte  ? — 146.  Very  rare,  may  exist  in  the  Menomi- 
nee Kegion. 

(4.)  U^neiss.  (L.)  Not  abundant,  mostly  associated  with 
granite.  Common  (gray) — 102.  Granitic — 7.  Semi-porphy- 
ritic.    Compact,  related  to  greenstones — loj. 

(5.)  Mica  Schist  (L.)  Abundant,  especially  in  the  vounger 
rocks  of  the  Marquette  Begion.  Common,  blackish  and  brown- 
ish. Often  staurolitic  and  holding  andalusite  (Brush) — 61. 
Gametiferous— 108,  56?  Quartzose.  Homblendic — lod  (mas- 
sive, semi-porphyritic? — rare).  Green,  chloritic — 107  (associ- 
ated with  greenstone).  Gray,  arenaceous,  semi-schistose,  with 
mica-scales — 104.  Gneissic — 90.  Magnetic  (L) — log,  (rare). 
Actinolitic — 106.  The  last  three  varieties  have  been  observed 
only  in  the  Menominee  Begion. 

(6.)  Mica  Slate.    (L).— 53? 

(7.)  Hydro-mica  Slate  f — 58,  54.  Unctuous- feeling,  mica- 
ceous rocks,  interstratified  with  iron-ores;  they  have  been 
called  talcoid  schists.     Sericite — 112. 

8.  Clay  Slate  or  ArgiUyte.  a.  Without  oblique  cleavage, 
usually  in  independent  bed&  Chloritic — 114?  Carbonaceous 
(including  so-called  graphitic  varieties) — 64, 115.  Ferruginous, 
associated  with  hematites  and  limonites.  Micaceous,  (phyllyte) 
— Ill,  56?  Feldspathic  (arenaceous  obscure  varieties)— jj- ; 
Pyritiferous.  b.  With  oblique  cleavage,  usually  associated 
with  quartzytes  or  poiarbles — 118,  20.  Boofing — 81.  Novti- 
culyte — 10,  72,  18. 

2.  Homblendic  Series. 

(1.)  Syenyte  (containing  quartz).  (L.) 

AM.  JouB.  8of.— Thikd  Snmu,  Vol.  Xn,  No.  0O.^8spt.,  1870. 
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(1ft.)  Syenylic  Qiieiss  (Hornblende  Gneiss).  (L.) — riy.  Not 
abundant ;  rare  in  the  Marquette  Region,  where  it  only  occurs 
as  a  transition  variety  of  greenstona 

(2.)  Hyposyenyte  (quartzless  syenyte).  Observed  only  in  the 
Lower  Huronian  near  Marquette,  associated  with  greenstone, 
into  which  it  seems  to  graduate.  Rich  in  orthoclase — ir6. 
Hornblendic— 77. 

(26.)  Zircori'syenyte. 

(3.)  Dioryte — 75,  ii^.  Gra3rish-green,  fine  to  coarse  grained. 
Abundant,  especially  in  the  eastern  part  of  the  Marquette  Re- 
gion, graduating  into  hornblendic  rocks  on  the  one  hand,  and, 
through  schistose  varieties  and  diabases  f?),  into  chloritic  schists 
on  the  other.  Hornblendic.  Chloritic  (schistose)— 71  ?  Semi- 
porphyritic. 

(3'.)  Gabbro*  ? — 69.  Confined  to  bed  XV,  in  the  Menominee 
Region. 

(4.)  Hypersthenyte, 

(5.)  Diabasytcf  Abundant,  especially  south  of  L'Anse.  This 
name  is  often  applied  by  Dr.  Wichmann  to  obscure,  fine-grained 
greenstones  which  have  usually  been  called  diorytes,  dioritic 
schists  and  chloritic  diorytes.  Decomposed — 99, 120^  121, 122. 
Often  closely  related  to  one  variety  of  chloritic  schist— 70. 
Green,  related  to  dioryte — 72, 119,  69.  Black,  somewhat  coarse- 
grained, highly  crystalline,  distinct  from  the  other  greenstones 
— S2.     Porphyritic? — 83.     Micaceous? — 31. 

(6.)  Hornblende  Schist  {Jj,)  Abundant.  Greenish-black,  coarse- 
grained, semi -schistose  to  massive,  graduating  into  greenstone 
—18,  22,  30,  88.  Eminently  schistose,  fine-grained,  associated 
with  mica  schist — 128,  725.  Micaceous — 29,  727,  71?  Chloritic 
— 76.     Calcareous — 124,  rare. 

(7.)  Hornblendyte,  (L.?) — 126.  Far  less  abundant  than  the  schist 

(8.)  Aciinolyte — i2p.  Chiefly  confined  to  the  Menominee 
Region.     Not  abundant 

AnthophylUte  Schistj^,  (Brush).  Quite  abundant  in  the  Mar- 
quette ana  Menominee  Regions,  and  always  associated  with 
magnetite.  Manganiferous — -jt?,  59.  Quartzose — 130.  Garnet- 
iferous  (eklogyte) — 2y.% 

*  Dana  does  not  mention  gabbro  among  the  metamorphic  rocks.  As  several 
lithologists  agree  on  the  name,  and  the  bed  has  all  of  the  structural  chara<;ter- 
istics  of  the  others  of  this  series,  I  place  it  here,  although  Dr.  Wichmann  regi^tis 
the  rock  as  diabase. 

f  From  microscopic  researches.  Dr.  Wichmann  and  Mr.  Tomebohme,  with  whom 
Prof.  Zirkel  agrees,  regard  these  Huronian  greenstones,  the  diorytes  and  diabases, 
as  mostly  diabasytes,  and  consider  them  of  eruptive  orig^  Regarding  them 
myself  as  metamorphic,  I  should  have  employed  Uie  •term  melordiabcLae^  an  lately 
suggested  by  Prof.  Dana,  had  it  come  to  my  knowledge  in  time. — Note  in  letter 
dated  Edinburgh,  June  27. 

1  This  rock  does  not  occur  as  a  distinct  kind  in  Dana's  classification. 

\  Dr.  Wichmann's  microscopic  examinations  lead  him  to  regard  this  rock  as 
made  up  largely  of  actinolite. — ^Letter,  dated  July  27. 
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(9.)  Pyroxenyte  (augite  rock).  (10.)  Lherzolyle,  (11.)  Osstpyte. 
(12.)   Uiiakyie. 

3.  FelsUic^  Epidotic^  and  Garnet  Rocks  (L.  ?), 

Having  the  mass,  or  base,  compact  (crjpto-crystalline). 

No  typical  rocks  of  this  family  have  been  observed.  The 
nearest  kind  is  a  gray,  magnetic,  amphibolic  schist,  containing 
garnets,  and  closely  related  to  the  anthophyllite  schists,  but 
which  Dr.  Wichmann  designates  eklogyte — 27. 

4.   Chrysolite  (or  Olivine)  Rocks,    Not  observed. 

5.  Hydrous  Magnesian  Series, 

(1.)  Protogine  (L.) — 8.  Not  abundant.  Quartzyte  graduates 
into  this  rock  in  the  Marquette  Region.  In  the  lowest  Huro- 
nian  of  the  Menominee  Kegion,  holding  pebbles  of  granite, 
gneiss  and  quartz — 65. 

(2.)  Feldspaihic  Protogine  Gfneissf — 147.  Has  been  called 
gray  wacke.     Occurs  only  in  the  Menominee  Region  in  one  bed. 

(S.)  Talcose  Slate — 74.  A  typical  kind  has  been  observed  only 
at  Marquette.  Unctuous-feelmg  micaceous  and  chloritic  rocks, 
often  called  talcose,  are  more  abundant 

(4.)  Steatyte  or  Soapstone. — Said  to  exist. 

(5.)  Chloritic  Slate  (schist).  (L.  ?)  Abundant  A  hard,  very 
unevenly  schistose,  gray-green  variety,  associated  with  green- 
stones and  homblendic  schists,  of  which  it  appears  to  be  an 
altered  or  chloritic  form,  (has  received  diflferent  names) — 183, 
70?  Gray -green,  splitting  into  somewhat  uneven  thick  slates, 
and  related  to  micaceous  and  argillaceous  rocks — 132,  1J4. 
A  fissile  varietj',  graduating  into  clay  slate,  under  which  it 
should  perhaps  be  classed — 55, 114?  Dark-green,  pure,  massive, 
containing  pseudomorphs  after  magnetite,  garnet,  and  amphi- 
bole,  occurs  in  iron-ore — 8g.  Ferruginous.  Micaceous,  in  green- 
stona     Compact,  magnetic,  conchoidal  fracture — 28  ? 

(6.)  Chloritic  ArgiUyte.  A  slate  termed  chloro-argillaceous, 
is  very  abundant  in  the  Menominee  Region — 114.  Often  car- 
bonaceous. 

(7.)  Serpentine — yS.  Very  rare.  Apparently  altered  green- 
stone, and  having  somewhat  of  an  eruptive  character. 

(8.)  Ophiolyte,     (9.)  Schilleryte. 

6.  Hydrous  Aluminous  Rocks.    Not  observed. 

7.   Quartzose  Rocks, 

(1.)  Quarizvte.  Very  abundant,  graduating  into  marble  on 
one  hand,  and  into  protogine  on  the  other,  containing  beds  of 
clay  slate  with  oblique  cleavaga  White  to  light-gray,  massive, 
arenaceous,  often  with  glassy  grains,  occasionally  with  ripple- 
marks,  and  on  Black  Kiver  showing  the  false  stratification 
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of  sandstone — 8,  21,  777,  Micaceous  quartz  schist,  often  con- 
glomeritic — 140^  50,  61.  Quartz  conglomerate  (see  remarks 
under  ^^Fragmental  Bocks ''),  associated  with  and  constituting 
a  variety  of  the  above — 145.   Chloritic  arenaceous — 188.  Blue- 

gray,  arenaceous,  weathering  to  a  brown  sandstone  —  ijp. 
anded  magnetite  and  arenaceous  quartz  schist — 52.  Micaceous 
and  specular  iron — 82,  88,  49.  Limonitic — 26.  (The  three  last 
varieties  are  also  classed  under  Iron-ore  rocks.)    Calcareous. 

(2.)  Siliceous  Schists,  compact,  often  slaty,  generally  ferrugi- 
nous, and  graduating  into  siliceous  flaggy  iron-ores,  are  abun- 
dant Poor  in  iron.  Bich  in  iron  (siliceous  flag  ores) — 28,  86, 
68.  (See  Iron-ore  rocka) 

(8.)  Chert  A  flinty  rock,  flaggy  to  slaty,  between  siliceous 
schist  and  jasper,  abundant  only  in  the  middle  of  the  Black 
Biver  series.  Sometimes  brecciated — 85,  84?  Lydianstone — 
very  rare. 

(4.)  Itdcolumyie. 

(5.)  Jasper  Rock,  An  impure  reddish  variety,  banded  with 
specular  ore,  is  abundant  in  the  Marquette  Begion — j/.  Better 
cnaracterized,  banded,  often  ferruginous,  jaspers  occur  with 
chert  in  the  Black  Biver  series.   Sometimes  brecciated — 84,  85? 

(6.)   Buhrstone. 

8.  Ironrore  Rocks. 

Magnetites,  Hematites  (usually  specular),  Limonites,  and  related 
ferruginous  rocks  are  very  abundant  in  the  Middle  and  Lower 
Huronian,  especially  in  the  eastern  portion  of  this  Huronian 
area,  while  they  are  comparatively  rare  in  the  same  series  in 
Canada.  At  least  seven  out  of  the  twenty  beds  of  the  Marquette 
Begion  are  ferruginous,  and  four  have  produced  first-class  ores. 
The  rich  specular  hematite,  which  is  so  far  most  extensively 
mined,  is  mostly  confined,  however,  to  bed  Xm,  in  which  the 
richest  magnetites  also  occur.  There  is  less  iron  in  the  Menom- 
inee Begion,  and  still  less  and  of  lower  grade,  so  far  as  observed, 
in  the  Black  Biver  and  Bad  Biver  series. 

The  magnetites  and  specular  hematites  graduate  into  each 
other  through  martite,  which  is  abundant  They  are  also  some- 
times interstratified  in  the  same  bed,  although  seldom  in  juxta- 
position.  Nearly  the  same  may  be  said  of  the  hematites  and 
limonites,  but  not  of  the  latter  and  magnetites,  which  are  never 
found  together.  These  facts  support  the  hypothesis  that  these 
ores,  whatever  their  origin,  were  once  all  magnetites,  part  of 
which  were  afterward  oxidised  to  hematites,  and  part  01  these 
in  turn  into  limonites. 

No  rocks  are  embraced  below  which  do  not  occur  in  consid- 
erable beds.  To  include  all  of  them  I  have  found  it  necessary 
to  considerably  expand  the  skeleton  given  by  Professor  Dana, 
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and  to  add  limonites,  which  are  so  closely  related  to  the  others 
that  it  was  not  attempted  to  separate  them  here. 

Iron-oxide,  except  as  disseminated  grains  of  magnetite  and 
in  a  few  instances  in  small  unworkable  beds,  is  entirely  absent 
from  the  Laurentian  and  Copper-bearing  series  of  the  Archasan 
south  of  Lake  Superior,  while  in  Canada  the  largest  deposits  are 
reported  as  occurring  in  the  Laurentian.  Titaniferous  iron-ore, 
so  abundant  in  the  Archaean  of  Canada  and  northern  New  York, 
has  not  been  observed  south  of  Lake  Superior.  In  several  hun- 
dred analyses  of  these  ores,*  I  have  only  once  seen  **  a  trace  " 
of  titanium  reported.     Franklinite  has  not  been  observed. 

(A.)  Magnetites  and  Magnetic  Quartzose  and  Amphibolic  Bocks. 
Most  abundant  and,  except  the  amphibolic  kinds,  found  only 
in  typical  forms  in  the  western  part  of  the  Marquette  Region. 

a.  Rich  in  iron  (iron-ores). 

a\.  Blackish  granular  magnetites,  massive  to  semi-schistose, 
fine  to  coarse  grained,  compact  to  friable — 89,  40,  41,  42. 

a2.  Cryptocrystalline,  compact,  tabular,  schistose,  sometimes 
containing  actinolite — 17  ? 

b.  Poor  in  iron^  rich  in  quartz^  (magnetic  rocks).  Most  abundant 
in  the  Marquette  Region^  especially  in  the  western  part ;  also 
abundant  in  the  Penokie  (Bad  River)  series. 

61.  Banded,  arenaceous  quartz  and  magnetite  layers — 52. 

52.  Intimate  mixtures  of  magnetite  (with  hematite)  and  quartz- 
ose matter,  often  cherty.  Magnetic  siliceous  schist  (flag  ore) — 
28, 15.     Both  varieties  graduate  into  ferruginous  quartzytes. 

c.  Pkrruginous  rocks^  rich  in  amph^ole^ — the  iron-oxide  mostly 
magnetic  (Mere  are  embrcu^ed  such  anthophyUite  schists  as  are 
rich  in  iron.)     Tolerably  abundant  in  the  Menominee  Region. 

cl.  Banded  quartzose,  amphibolic  (mostly  anthophyllitic, 
according  to  Brush),  magnetic  schists — 180,  17.  Accoraing  to 
Dr.  Wichmann  the  iron-ore  at  Penokie  Gap  is  a  related  variety 
-148. 

c2.  Manganiferous  anthophyllitic  magnetite  schists — -jc?.  Only 
in  western  part  of  the  Marquette  Region,  constituting  bed  XVll. 

c8.  Gametiferous  anthophyllitic  magnetite  schist  (eklogyte) 
— 27.     Only  in  one  bed  in  the  Marquette  Region. 

(B.)  Specular  Hematites^  MartiteSy  and  siliceoua^  jaspery^  argil- 
laceous nematiiic  rocks.  Most  abundant  and  typical  in  the  east- 
ern part  of  the  Menominee  Region. 

a.  Rich  in  iron. 

al.  Granular,  massive  to  semi-schistose,  specular  hematite 
and  martite.  Usually  contain  a  little  magnetite.  Not  so 
abundant  as  the  magnetites  of  corresponding  structure — 6. 

*  See  my  Michigan  Report,  voL  i,  ohap.  x,  1873. 
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a2.  Chloritic,  semi-schistose,  specular  ores,  not  abundant, 
-43. 

aS.  Specular-iron  schists,  often  slaty,  and  passing  into  mica- 
ceous-iron varieties  (the  most  abundant  form  of  hematite) — 88, 
45,  47,  48. 

a4.  Micaceous-iron  slaty  schist;  graduates  into  the  last,  aS. 
When  interstratified  with  magnetic  ore,  it  usually  contains 
magnetite — 46,  49. 

a5.  Kaolinic  specular  schist — 2,  44.  Bare  and  observed  only 
in  the  eastern  part  of  the  Marquette  Region. 

a6.  Purplish  to  pigeon  color,  shaly  to  sandy,  generally  rich 
in  iron,  dull  specular  ore — 186,  67.  Confinea  to  the  eastern 
part  of  the  Menominee  Region. 

b.  Quartzose  specular  Hematites^  poor  in  iron^  poor  in  guariz. 
Abundant     Graduates  into  hematitic  quartz  schist, 

61.  Banded,  micaceous-iron,  quartzose  schist — 16,  82,  88. 
Abundant  in  the  Marquette  Region. 

62.  Banded  specular-iron  with  jaspery  quartz  (**  mixed  ore"), 
the  laminsB  often  plicated  and  faulted  to  the  extent  sometimes 
of  producing  a  breccia.  Abundant  with  specular  ores  in  the 
eastern  part  of  the  Marquette  Region — jy.  Similar  but  more 
jaspery  and  less  ferruginous  rocks  occur  in  the  Black  River 
senes— 84. 

68.  Intimate  mixture  of  specular  hematite  (often  magnetic) 
with  quartzose  matter,  often  cherty.  Hematitic  siliceous  schist 
(flag  ore).  Very  abundant — 68,  19,  36.  Sometimes  contains 
grains,  apparently  of  decomposed  garnets  (bird*s-eye  ore) — 6. 

c.  Hematitic  argillaceous,  hydro-magnesian  and  micaceous 
schists,  sometimes  graduating  into  limonitic  varieties,  and 
usually  associated  with  rich  iron-ore.  Poor  in  iron  ;  generally 
diffused,  but  not  abundant  Included  under  varieties  of  clay 
and  chloritic  slate  and  mica  schist 

(C.)  Limonitic  Quartzose  Ores  and  Rocks^  often  containing  hem- 
atite and  manganese.  Usually  some  shade  of  clull  brown,  gen- 
erally soft  and  more  or  less  earthy.  Often  contain  ochre  and 
kaolm  (Brush),  and  probably  turgite.  Appear  to  be  of  the  na 
ture  of  residual  deposits,  from  the  partial  dissolving  out  of  the 
silica  and  the  hydration  of  the  iron  of  quartzose  hematites. 

a.  Rich  in  iron  ("soft  hematite  ores").  Most  abundant  in 
the  Marquette  Region,  although  absent  from  the  magnetic  dis- 
trict about  Lake  Michigamme.  Also  found  in  the  Menominee 
Region. 

al.  With  little  or  no  manganese — 84,  85.  A  hard,  red 
variety,  rich  in  iron,  and  containing  four  per  cent  of  water 
occurs  in  the  Menominee  Region — 135. 

a2.  Richer  in  manganese  (specimens  of  pure  pyrolusite  being 
sometimes  found) — 24,  25. 
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b.  Poor  in  iron,  rich  in  quartz,  often  ochrey.  Graduates 
into  limonitic  quartz  schist  A  very  siliceous  variety  of  the 
two  prevailing  kinds  in  which  a  less  proportion  of  the  silica 
seems  to  have  been  dissolved  out — 26,  57.  Generally  diffused 
but  not  abundant     Was  not  observed  in  the  Penokie  series. 

8.  Calcareous  Rocks. — Carbonates  and  Sulphates. 

1.  UncrysiaUiiie  Limestones.     Not  observed. 

2.  Crystalline  Limestone. 

Tolerably  abundant,  especially  in  the  Menominee  Begion. 
Usually  dolomitic.  In  the  Marquette  Begion  it  is  always 
associated  with  quartzyte,  and  contains  interstratified  beds  of 
clay  slate  (novaculyte)  with  oblique  cleavage. 

(1.)  Granular  Limestone — rare.  Ferruginous — 97 ;  very  rare, 
probably  a  vein.  Brown,  micaceous — 144;  observed  at  one 
point  in  the  Marquette  Begion. 

(2.)  Dohmyte  and  Dolomitic  Limestone* — Most  if  not  all  the 
limestones  in  beds  contain  more  or  less  carbonate  of  magnesia. 

The  prevailing  variety  is  light-grayish,  sometimes  mottled, 
fine-erained,  semi-schistose,  often  containing  quartzose  laminae, 
which  project  on  weathered  surface  (ribbed) — 9,  66,  14J.  A 
crystalhne,  medium  to  coarse  grained  massive  variety,  free 
from  quartz : — white  in  the  Menominee  Begion,  where  it  is 
most  abundant;  sometimes  salmon-colored  in  the  Marquette 
Begion — 11.  White  crystalline  dolomyte,  holding  numerous 
crystals  of  tremolite,  and,  according  to  Dr.  Wichmann,  of 
wollastonite  (142),  occurs  in  the  northeast  part  of  the  Menom- 
inee B^on. 

Siliceous ;  besides  the  variety  banded  with  quartz  laminsB, 
is  one  in  which  the  quartz  exists  in  grains,  appearing  on  the 
weathering  surface  almost  like  sand, — 141.  It  occurs  midway 
between  the  Marquette  and  Menominee  Begions.  Argilla- 
ceous, in  thin  beds,  at  Lake  Antoine,  Menominee  Begion. 

(3.)  Consisting  0/ Sulphate  0/ Lime.     Not  observed. 

4.  Igneous  or  Eruptive  Bocks. 

(Including  those  metamorphic  rocks  which  in  a  plastic  state 
have  been  forced  into  adjacent  cracks,  thus  taking  the  form  of 
eruptive  rocks). 

1.  Feldspathic  Series. 

(1.)  Granite  dykes  or  veins  have  been  observed  only  in  the 
Lower  and  Upper  Huronian  of  the  Menominee  Begion.  Bed 
ferruginous  granite  in  iron-ore  at  two  jwints — 96.     Gray  granite 

*  Dr.  Credner  erroDeously  asaigns  certain  dolomytes  and  conglomerates  to  the 
Laurentian.  See  Zeitechrift  der  deutschen  geologischen  Gesellschaft,  xxi  Band 
1869,  p.  616.  Marbles,  so  abundant  in  the  Laurentian  of  Eastern  Canada  haye 
not  as  yet  I  beHeve  been  observed  in  that  sjrstem  as  devctoped  south  of  the  lake. 


204  &  W.  Bumham— Seventh  Catalogue  of  New  Double  Stare. 

in  the  hornblende  and  mica  schists  of  bed  XIX,  at  the  contact 
with  the  overlying  granite  bed. 
Oranite  dykes  are  very  numerous  in  the  Laurentian. 

2.  Hornblende  and  Pyroxene  Seriee. 

Some  geologists  would  include  here  a  considerable  portion 
of  the  bedded  greenstones  embraced  under  metamorphic  rocks. 

"  Trap"-dikes  in  a  bed  of  magnetite  occur  at  the  Washing- 
ton mina  At  a  few  other  points  very  small  ones  have  been 
seen.  Black,  fine-grained,  massive,  hard,  tough.  Has  been 
called  doleritic,  dioritic,  and,  by  Dr.  Wichmann,  diabase.  (Has 
but  little  resemblance  to  the  bedded  rocks  so-named) — yp,  94 
The  greenstone  dikes,  sometimes  of  great  thickness,  so  numer- 
ous in  the  Laurentian,  are  not  so  finegrained  and  are  more 
dioritic  in  character. 

3.  Hydrous  Magneeian  Schietoee  Socks. 

These  are  found  in  dyke  like  masses  crossing  quartzytes, 
iron-ores,  and  greenstones,  sometimes  apparently  formed  from 
the  abraded  material  of  the  walls  of  a  fault,* — 78.  Sometimes 
the  rock  is  erratic,  as  in  the  case  of  the  soft  chloritic  ?  schist 
dyke  in  massive  quartzyte  at  the  northeast  comer  of  Teal  Lake. 
Not  observed  in  the  Laurentian. 

Dresden,  Saxony,  Dea  21,  1876. 
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BURNHAM. 

The  double  stars  in  the  following  list  have  been  discovered 
during  the  past  year  with  the  Clark  &  Sons  6-inch  refractor 
previously  used  in  these  observations.  The  six  catalogues  pre- 
ceding this  will  be  found  respectively  in  Monthly  Notices  of  the 
Royal  Astronomical  Society  for  March,  May  and  December, 
1874,  June  and  November,  1875,  and  Astronomische  Nachrich- 
ten.  No.  2062.  The  reference  number  in  the  first  column  is 
continued  through  the  series. 

Four  pairs  from  the  old  double  star  catalogues  have  been 
found  to  be  again  more  closely  double.     These  are : 

(T39 

H4935 

9  m.  113  (z=2  2680  re/) 

H  1489 

Through  the  kindness  of  the  distinguished  observer,  Baron 
Dembowski,  I  am  enabled  to  attach  his  careful  micrometrical 
measurements  of  a  few  of  these  objects. 

*Fftult8  of  any  great  magnitude  are  rare  in  the  Huronian. 
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No. 
391 

Designation. 

B.  A. 

1880. 

DecL 
1880. 

Poa. 

Dlst 

Mags. 

RA.C.  10 

h  m  ■ 
0  3  14 

o   / 

-28  39 

110- ± 

0-7  ± 

6-0.. .6-0 

392 

B.A.O.  46 

0  10  31 

+  60  52 

M  «  « 

20-  ± 

6.0.  .11-8 

393 

L291 

0  12  12 

-21  48 

30- ± 

0-5  ± 

70... 9-0 

394 

L678 

0  24  14 

+  46  52 

300- ± 

1-  ± 

80.--8-0 

395 

Ceti82 

0  31  9 

-25  26  135- ± 

0-6  ± 

6-0.. -6-0 

396 

B.A.C.  282 

0  66  13 

+  60  26 

85- ± 

1-  ± 

6.0-.11-0 

397 

L1943 

1  0  53 

+  46  12 

160- ± 

10-  ± 

80.-10-6 

398 

0».  Arg  1200 

1  4  52 

+  47  10 

60- ± 

2-  ± 

8-0.-.80 

399 

Ceti2ll 

1  21  46 

-11  31 

301-2 

1-49 

6-6..10-0 

400 

W»Tn.  50 

3  5  18 

-  4  16 

45- ± 

15-  ± 

7-0..11-6 

401 

W»IIL  830 

3  44  10 

-  1  52 

260- ± 

4-  ± 

7-0.-11-0 

402 

W»IV.  318 

4  17  3 

-  1  33 

75- ± 

6-  ± 

8-5..  10-6 

403 

W»IV.  379 

4  19  18 

-  2  20 

100-3 

2-00 

7-0. ..8-6 

404 

Arg(8')805 
Wnr.  1046 

4  49  51 

+  8  68 

113-4 

1-49 

9-0... 9-5 

406 

5  42  22 

-13  34 

150- ± 

10-  ± 

8-5.. 11-0 

406 

W»V.  1068 

5  43  1 

-13  28 

260- ± 

8-  ± 

90..  12-0 

407 

WWIII.  1159 

8  45  60 

-  6  20 

160- ± 

6-  ± 

8-0.. 10-0 

408 

R2231 

8  48  58 

+  63  54 

350- ± 

2-  ± 

7-0..  100 

409 

W»VTn.  1383 

8  54  55 

-  8  43 

180- ± 

10-  ± 

8-0.. 10-0 

410 

B.A.C.3127 

9  4  30 

-25  19 

160- ± 

1-5  ± 

7  0... 9-0 

411 

Lac  4360 

10  30  25 

-26  3 

310-± 

1-3  ± 

7-0. ..9-0 

412 

L  22722 

12  2  10 

-17  55 

160- ± 

1-5  ± 

8-0... 9-6 

413 

Lac  5686 

13  42  15 

-27  46 

110*2 

77-7 

6-8.. 10-0 

414 

Centauri  315 

14  34  42 

-30  25 

160- ± 

1-  ± 

6-5. ..6-5 

415 

0«.  Arg  15676  ) 
AandB   ) 

15  44  50 

+  65  67 

336-8 

12-72 

8-6..11-5) 

m 

AandO 

357-6 

30-82 

12-0 

416 

Scorpu  155  ) 
AandB  \ 

17  10  46 

-34  61 

240- ± 

l-8± 

60... 8-5 

B 

AandC 

130- ± 

15-  ± 

10-0 

391.  This  is  «c'  Sculptoria  of  some  of  the  star  catalogues. 
393.  Very  difficult. 

395.  B.A.C.  160,  magnitude  6. 

396.  A  pair  of  the  most  extraordinary  difficulty,  very  dose  and  unequal  Not 
an  easy  test  for  a  large  aperture.    Heis  gives  this  as  naked-eye  star. 

397.  There  is  but  little  doubt  this  is  the  pair  observed  for  H  2016,  but  error  of 
1*  in  HerschePs  declination.    There  is  notMng  in  his  place. 

399.  The  small  star  was  suspected  in  Dec.,  1873,  but  not  verified  untQ  two 
years  later.  Measured  by  Dembowald  (1876-07).  lliere  is  a  very  distant  oom- 
panion  in  the  direction  of  67**  which  makes  the  pur  <t  39. 

402.  Found  in  looking  for  2  547,  the  companion  of  which  was  invisible;  so 
noted  by  Dembowski  in  1865. 

403.  Measures  by  Dembowski  (1876-07). 

404.  Found  in  verifying  a  suspected  error  of  1™  B.  A.  in  02  90.  Measures  by 
Dembowski  (187607.) 

406.  This  and  the  next  following  were  found  in  looking  for  2801  r^. 

408.  In  Argelander  6-7™. 

411.  A  naked-eye  star  according  to  Heis. 

413.  Not  properly  a  double  star,  but  inserted  for  its  remarkable  red  color. 
Dembowski  calls  it  "perfect  blood  red.*'  Most  of  the  red  stars  of  this  class 
are  smaller,  and  not  so  strongly  marked.  The  small  star  appeared  decidedly  blue. 
My  approximate  measures  of  angle  and  distance.  Not  in  Schjellerup's  Oatalogue 
of  Bed  Stars. 

416.  Measures  by  Dembowski  (1876-39). 

416.  A  and  C  make  the  double  star,  H  4936.  Close  pair  easy,  although  very 
low. 
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E.  A. 

DecL 

No. 

417 

DeeignatioiL 

1880. 

1880. 

POB. 

Dist. 

Mags. 

L  32929 

h 
17 

m  ■ 
62  13 

+  39  27 

276- ± 

1*6  ± 

8-0.. .9-6 

418 

0«.  Arg  17847 

18 

1  28 

+  64  26 

240- ± 

10-  ± 

8-5..11-6 

419 

L  34269 

18 

26  42 

-  7  66 

40- ± 

1-6  ± 

8-0... 9-6 

420 

W«XVTn.  722 
AandB   ) 

18 

26  63 

+  37  6 

280- ± 

1-6  ± 

8-6.. 100) 

V 

AandC 

200- ± 

20-  ± 

ll-O   ) 

421 

W'XVm.  1462  ) 
AandB   ) 

18  48  3 

+  43  16 

270- ± 

V  ± 

8-6... 90) 

Y 

AandC 

230- ± 

30-  ± 

90   ) 

422 

0'.  Arg  19281 

19 

7  34 

-18  16 

60- ± 

8-  ± 

8-6. .11-6 

423 

0*.  Arg  19660 

19 

20  17 

-29  44 

110- ± 

1-2  ± 

8-0... 8-6 

424 

W»XTX.  676 

19  23  6 

+  36  49 

60- ± 

2-6  ± 

8-6..  10-0 

426 

L  38087 

19 

62  16 

+  19  68 

2411 

1-33 

8-6.. -8-7 

426 

0«.  Arg  19938 

19 

69  13 

+  64  18 

140- ± 

6-  ± 

80.. 10-0 

427 

0«.  Arg  19962 

19  69  28 

+  64  20 

160- ± 

3-  + 

8.0..10-0 

428 

Arg(l2**)4226 

20 

1  7 

+  12  36 

346-4 

0*62 

7-2.. -80 

429 

L  38621  ) 
AandB  ) 

20 

1  27 

+  36  27 

30- ± 

7-  ± 

7-6.. 11-6] 

AandO 

301-0 

10-79 

10-0   I 

AandD 

90- ± 

26-  ± 

11-0 

AandE 

28-2 

36-62 

90  J 

430 

Arg  (36')  4008) 
A  and  B   f 

20 

6  48 

+  36  28 

30- ± 

1-  ± 

90.. -90  ) 

^ 

A,  B  and  G  ) 
=H  1489  S 

66-1 

20-  ± 

9-6  ) 

431 

W«XX.  630 

20 

16  26 

+  36  63 

240- ± 

0-6 

8-0...  8-6 

432 

W«XX.  698   !20 

20  13 

+  36  23 

220- ± 

1-2 

8-0_.10-0 

433 

Arg  (60^)  2399  )  i20 

23  36 

+  66  66 

220- ± 

6-  ± 

9-0..110) 

AandB   ) 

[ 

AandC 

260- ± 

20-  ± 

10-6   ) 

434 

W»XX.  941 

20 

28  4 

+  41  27 

100- ± 

1'2± 

8-6.  _90 

436 

L  39867 

20 

33  14 

+  14  36 

112-6 

2-96 

80.. 110 

436 

0«.Arg.  23612   22 

6  44 

+  67  21 

340- ± 

16- ± 

80.. 10-8 

417.  In  the  field  with  22246. 

419.  Found  in  looking  for  one  of  Herschers  suspected  pairs,  H  6496. 

426.  Measured  by  Dembowski  (1876*72).  He  has  detected  a  very  minute  oom- 
panion  about  10^'  following,  which  I  failed  to  see. 

426.  In  t^e  same  field  with  No.  427,  the  two  forming  with  a  third  8™  star  a 
small  triangle. 

428.  Close  and  difficult  The  wide  pair  of  small  stars  in  the  field  is  H  1476. 
The  large  star  is  rather  strangely  wanting  in  all  the  other  Star  Catalogues  I  have 
access  to.    Measures  by  Dembowski,  two  observations  (1876-73). 

429.  Hie  companions  B  and  D  are  new.  A,  C  and  E  makQ  M  m.  113= 
2  2630  rg.  =  Sh  314.  Given  with  HerscheFs  measures  (1783*7).  In  a  splendid 
field. 

430.  As  a  wide  pair  this  is  H  1489,  entered  by  Herschel  236'*3  :  13"  ±  :  9- 
10..  10.  There  is  probably  an  error  of  180°  in  his  angle,  as  the  preceding  star  is 
obviously  the  largest,  and  so  in  Argelandcr  who  noted  the  magnitudes  as  9*3  and 
9*5.  By  a  rough  measure  I  foimd  65''*1,  shovdng  no  material  change  has  oocorred 
since  1828.  From  the  faintness  of  the  components,  the  dose  pair  is  a  very  difl!i- 
cult  object  under  ordinary  conditions. 

431.  Very  difficult. 

433.  Found  in  trying  to  identify  1^  N.  89. 

435.  About  26'  a/ p  Delphini.     Measures  by  Dembowski  (1876*76). 

Chicago,  July  27,  1876. 
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Art.  XX VH — An  account  of  a  New  Meteoric  Stone  that  fell  on 
the  26th  of  March,  1865,  in  Wisconsin^  identical  with  the  Meno- 
Meteorite ;  by  J.  Lawrence  Smith,  Louisville,  Ky. 

The  Wisconsin  meteorite,  which  fell  on  the  25th  of  March, 

1865,  and  is  one  of  much  interest,  attracted  no  attention  at  the 
time  of  its  fall  outside  of  the  immediate  neighborhood  where  it 
was  observed,  a  fact  due  to  the  comparatively  sparsely  inhab- 
ited condition  of  the  country.  It  was  brought  to  my  attention 
only  a  few  months  ago  by  one  living  in  the  region  not  far  from 
where  it  fell.  He  sent  me  a  small  fragment  that  had  been  pre- 
sented to  him,  and  so  similar  was  it  in  its  appearance  to  the 
Meno-Meteorite  that  fell  in  1861,  that,  not  having  heard  of  any 
fall  at  the  period  when  this  one  was  said  to  have  been  found,  I 
considered  it  at  first  a  fragment  of  that  rare  meteorite  which 
had  found  its  way  to  that  part  of  the  country.  But  on  further 
inquiry  and  search  I  was  soon  satisfied  that  it  was  a  piece  of 
an  undescribed  meteorite ;  I  have  designated  it  the  Clay  water 
meteorite. 

The  following  is  the  account  I  have  been  able  to  gather  in 
relation  to  its  fall. 

In  Vernon  County,  State  of  Wisconsin,  about  lat.  43°  30', 
long.  91°  10',  at  nine  on  the  morning  of  the  25th  of  March, 

1866,  a  body  was  seen  by  several  persons  passing  rapidly 
through  the  atmosphere,  accompaniea  with  a  loud  rumbling 
noise.  It  was  luminous  and  showed  flashes  of  light  Its 
course  was  from  northwest  to  southeast,  and  it  exploded  at  a 
supposed  altitude  of  four  miles.  At  the  time  that  the  small 
fragments  were  thrown  ofi*  from  the  main  body,  a  noise  like 
the  rolling  of  musketry  was  heard.  The  main  body  seemed  to 
have  a  rotary  motion,  making  about  one  revolution  in  two  sec- 
onds of  time. 

The  observer  from  whom  the  above  facts  were  obtained, 
thinks  that  the  main  body  did  not  fall  but  passed  into  spaca 

No  fragments  were  found  until  about  five  days  after  tne  fall, 
when  two  were  discovered,  weighing  in  all  fifteen  hundred 
^rams.  The  curves  of  the  surfaces  of  these  fragments  would 
indicate  that  they  had  pertained  to  a  mass  having  a  diameter 
of  about  thirty  centimeters.  No  data  were  obtained  by  which 
to  calculate  its  velocity,  but  the  observer  already  referred  to 
says  that  it  was  variously  estimated  from  fifteen  to  twenty-five 
miles  per  second.  Of  the  two  fragments  that  fell,  one  has  been 
lost  or  destroyed ;  the  other  has  been  placed  in  my  possession 
by  Mr.  Clay  water,  who  made  the  observations  already  recorded, 
and  to  whom  we  are  indebted  for  the  preservation  of  what  we 
have  of  this  interesting  meteorite ;  for  it  differs  in  its  physical 
aspects  from  any  yet  observed  in  this  country. 
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The  fragment  in  mj  possession,  and  which  is  all  that  has 
been  recovered  from  this  fall,  weighed  seven  hundred  grams ; 
about  one-third  of  the  surface  was  covered  with  a  thick,  dull 
black  crust ;  the  fractured  surfaces  are  quite  granular,  and  its 
structure  porous ;  it  belongs  to  the  ham  vanety  of  meteoric 
stones.  Examined  with  a  glass  the  grains  are  of  a  dirty  green 
color  with  a  greasy  aspect,  and  in  some  places  have  a  globular 
structure.  Particles  of  iron  are  disseminated  abundantly 
through  the  mass,  and  particles  of  troilite  are  also  visible. 

Its  specific  gravity  is  8*66  and  it  is  composed  of: 

Stony  matter 78*88  percent. 

Metallic  particles 17*07      " 

Troilite 4*60      « 

100*00 

The  stony  matter  treated  with  aqua  regia  furnished : 

Soluble  matter 47*20  per  cent. 

Insoluble  matter 62*80      " 

100*00 

The  composition  of  these  two  portions  are : 

Soluble.  Insoluble. 

Silica   32*65  67*41 

Protoxide  of  iron 80*40  9*60 

Alumina trace.  4*00 

Magnesia 36*80  22*80 

Lime 8*70 

Soda *60  2*01 

99*86  99*42 

The  metallic  particles,  completely  separated  from  the  stony 
portion,  are  composed  of: 

Iron 92*16 

Nickel 7*87 

Cobalt - *28 

Copper         )  very  minute  quantity ;  

Phosphorus  j  not  estimated.  99*80 

In  regarding  the  above  analyses,  it  is  very  evident  that  the 
meteorite  is  made  up  of : 

Bronzite,  with  probably  a  little  anorthite 41*86 

Hyalosiderite  (olivine) 86*98 

Nickeliferous  iron 17*07 

Troilite 4*60 

As  I  was  not  able  to  find  any  analysis  of  the  Meno  (Alt 
Strelitz  Mecklenburg)  meteorite,  which  fell  Oct.  1st,  1861,  at 
midday,  and  as  the  physical  aspects  of  the  one  just  described 
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were  so  strikingly  similar  to  those  of  the  Meno,  I  was  interested 
to  ascertain  the  mineralogical  and  chemical  relations  of  the  two. 
An  examination  was  made  of  this  last  meteorite,  the  result 
of  which  is  placed  in  contrast  with  those  obtained  from  the 
Claywater  meteorite. 

Claywater.  Meno. 

Stony  matter 78-33  77*76 

Metallic  particles 17-07  1 8*00 

Troilite 4-60  4-24 

100-00  100-00 

Stony  part,  soluble 47*20  48*70 

Stony  part,  insoluble 62-80  61*30 

100-00  10000 

Stony  part,  analyzed  as  a  whole. 

Silica 44-98  44-70 

Protoxide  of  iron  and  alumina. . .  21-96  22*26 

Magnesia 29-30  28-97 

Lime 1*80  1-86 

Soda 1-32  1*20 

99*35  98*98 

Metallic  partides. 

Iron 92*16             91*86 

Nickel 7-37              7*63 

Cobalt -28                -13 

Copper  and  phosphorus traces  in  both. 

Specific  gravity 3*66              8*66 

It  will  be  observed  that  the  specific  gravity  of  the  Meno 
here  given,  is  lower  than  that  stated  in  Poggendorfs  Annalen, 
cxvii,  637,  it  being  there  given  as  4*1  ;  but  this  must  have 
been  taken  with  a  fragment  containing  some  large  particles  of 
iron.  My  determination  was  made  on  two  good  average  frag- 
ments, broken  from  a  very  fine  specimen  sent  me  by  the  late 
Wm.  Nevill,  of  London,  which  were  examined  in  my  usual 
method,  viz:  after  weighing  the  fragment  to  immerse  it  in 
water  contained  in  a  small  vessel,  and,  placing  this  beneath  the 
receiver  of  an  air  pump,  thereby  extracting  all  the  air  from  the 
surface  and  cavities,  and  completing  the  process  in  the  usual  way. 

In  regarding  the  above  comparative  statement  of  the  compo- 
sition of  these  meteorites,  it  will  be  seen  that  the  compositions 
of  the  two  as  made  out  by  me  do  not  differ  more  than  those 
of  two  fragments  of  the  same  meteorite,  while  they  both  differ 
iu  their  physical  aspects  from  the  ordinary  type  of  meteorites, 
and,  in  fact,  they  have  few  or  no  parallels  in  the  collections  of 
these  bodies ;  there  are  certainly  none  in  mine,  embracing  stony 
meteorites  representing  over  one  hundred  &11& 
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Art.  XXVin. — Five  new  Variables^  and  a  new  Planet^  fimnd 
at  the  Litchfield  Observatory  of  Hamilton  CoUege ;  by  C.  H.  F. 
Peters. 

Becently  the  variability  has  been  ascertained  by  me  of  stars 
in  the  following  positions: 


Right  Am. 

DecL 

Max. 

Min 

h.        in.       ■« 

imy* 

10     16     32 

+  14**   42'-7 

10 

OD 

15     18     21 

-19     58-0 

6 

10 

16       0     19 

—21       8  -9 

10 

OD 

20       6     15 

-22     24-0 

11 

00 

21       0     82 

-21     54-6 

10 

00 

The  limits  of  magnitude  given  are  gathered  from  only 
occasional  notes  taken  during  tne  later  years.  For  fixing  them 
more  accurately^  and  also  for  determining  the  times  of  period- 
icity, more  systematic  and  continuous  watching  would  be 
reouired. 

The  positions  refer  to  the  equinox  of  1860,  which  is  the  epoch 
of  my  manuscript  charts. 

A  new  planet,  11th  magnitude,  was  found  here  last  night 
(Aug.  9),  of  which  I  give  to-day  only  the  approximately  reduced 
position : 

Aug.  9,  1876.     10*^  34°»  2V. 
a(165)=21»'  27"  42*.  <y(165)z=  - 10**  0'  18*. 

The  motion  is  nearly  parallel  to  equator,  perhaps  slightly 
southward,  56*  in  right  ascension. 


Art.  XXIX. — On  the  Relation  of  Frankliniie  to  tlie  Spinel  Oroup 
of  Minerals;  by  George  H.  Seyms.  (C!ontributions  from 
the  Sheffield  Laboratory,  No.  XLI.) 

The  amount  of  iron  in  Franklinite,  as  shown  by  numerous 
determinations  that  have  been  made  in  the  Sheffield  labora- 
tory, is  subject  to  considerable  variation.  To  determine  whether 
this  variation  affects  the  general  character  of  the  mineral,  and 
to  supplement  the  recent  investigations  upon  its  comjX)sition 
and  relation  to  the  Spinel  group,  was  the  object  in  making  the 
follow^ing  analyses. 

The  first  experiments  were  made  on  perfectly  formed  crys- 
tals, in  a  matrix  of  limestone,  from  Mine  Hill.  The  analyses 
gave  results  which  may  be  best  expressed  as  follows : 


L 

XL 

Mean. 

•17 

•17 

•17 

68-42 

68-88 

68-40 

4-44 

4-44 

4-44 

10^39 

10-63 

10^46 

23-11 

28^12 

28-11 
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SiO, 

Mn-O. 

MnO 

ZnO 

101-68  10V64  101-68 

The  relation  of  the  metals  to  the  oxygen,  taking  the  mean  of 
the  two  analyses,  is  given  in  the  subjoined  statement 

Metals.  Oxygen. 

Fe,  44-38  ^^'O^Lo-o^ 

Mn,  3^09  1-36  f^^^^ 

Mn  8-10  2-36  I 

Zn  18^66  4-66  f    ^  ^^ 

Dividing  the  amount  of  each  element  by  its  atomic  weight 
gives  as  the  ratio  of  the  metals  to  the  oxygen,  R  :  O  : :  8  :  8-999 
=R30^  nearly,  or  an  oxygen  ratio  of  the  protoxides  to  the 
sesquioxides  of  1 :  -981  or  nearly  1 : 1,  which  corresponds  to  the 
formula  of  the  Spinel  group,  (Ra03+R0=R304). 

The  state  of  oxidation  of  the  manganese  here  given  was 
determined  by  solution  of  the  mineral  in  HCl,  and  estimation 
of  the  clorine  liberated,  according  to  Bunsen's  iodine  method. 
Two  experiments  gave  chlorine  equivalent  to  -47  per  cent  and 
-48  per  cent  of  oxygen,  mean  -45,  which  requires  the  presence 
of  4*44  per  cent  MnjOg. 

The  analyses  following  were  made  on  a  sample  taken  from 
an  aggregation  of  imperfect  crystals  from  Sterling  Hill.  While 
the  crystals  in  the  former  case  were  but  very  feebly  magnetic, 
these  were  strongly  so,  though  they  showed  no  signs  of  mag- 
netite as  an  admixture. 

m. 
SiO^ 

Fe.Og  67-43  6760  67^32 

Feb 

ZnO  6-79  6-81  676 

MnO  9-71  9-47  9-61 
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•08 

•66 

•66 
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67^60 

16^68 

16^62 

6-79 

6-81 

9-71 

9-47 

rv. 

Mean. 

•08 

•08 

^  . 

•66 

7-42 

67-42 

16^65 

6^76 

6-78 

9-44 

9*68 

100-31             100*16  99-97               99-99             100-12 
This  gives  from  the  mean  of  the  four  analyses: 

Metals.  Oxygen. 

Fe,                  47-19  20-28  \  ^"  ^^ 

Fe                    12*17  3-48  1 

Zn                      6-44  1-84  \   6*97 

Mn                    7-88  2*16  ) 
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Deducing  from  this  the  atomic  ratio  of  the  metals  to  the 
oxygen  we  have  as  a  result  R  :  0  : :  1  :  1  881  or  as  8  :  8*994 
=  RjO^,  and  we  find  the  oxygen  ratio  of  the  protoxides  to  the 
sesquioxides  to  be  as  1  :  "981  or  nearly  1  :  1. 

The  amount  of  iron  protoxide  shown  in  these  results  was 
found  directly  in  the  usual  way  by  potassium  permanganate. 

As  it  has  been  stated  that  some  varieties  of  franklinite  give 
with  HCl  a  solution  containing  FeCl,,  and  at  the  same  time 
evolve  chlorine,  this  variety  was  quantitative! v  tested  by 
Bunsen^s  method  with  a  negative  result  Careful  experiment 
failed  also  to  show  any  iron  protoxide  in  the  variety  first 
analyzed.  In  both  cases,  therefore,  the  total  amount  of  oxygen 
may  be  said  to  be  fairly  determined. 

The  results  of  these  analyses  give  in  both  cases  a  ratio  very 
nearly  corresponding  to  tuat  of  spinel,  notwithstanding  the 
great  differences  in  the  relative  amounts  of  the  iron,  zinc  and 
manganese. 

April  6th,  1876. 
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L  Chemistry  and  Physics. 

1.  On  the  Thermic  formation  of  Ozone.  —  Bebthelot  has 
studied  thermo-chemically  the  formation  of  ozone.  Pure  and  dry 
oxvgen  was  passed  through  a  tube,  where  it  was  subjected  to  the 
influence  of  the  silent  electric  discharge,  and  then  into  a  calori- 
metric  flask  containing  500  c.c.  of  a  solution  of  arsenous  acid  in 
hydrochloric  acid,  previously  titered.  At  the  end  of  twenty  to 
thirty  minutes,  six  to  nine  Uters  of  oxygen  had  passed  through 
the  calorimeter,  and  its  temperature  had  been  raised  one-third  of 
a  degree.  By  passing  the  oxygen  current  alone  through  the 
apparatus  under  the  same  conditions  for  an  equal  time,  both 
before  and  after  the  experiment,  the  thermal  data  were  rendered 
complete.  The  arsenic  solution  was  treated  with  a  graduated 
solution  of  permanganate  in  excess,  and  then  titered  back  with  a 
standard  solution  of  oxalic  acid.  In  this  way  the  amount  of 
arsenous  acid  oxidized  and  therefore  the  amount  of  ozone  absorbed, 
was  determined.  In  two  experiments,  the  oxygen  absorbed  was 
30*3  and  61*9  milligrams,  corresponding  to  90*9  and  166-7  milli- 
grams of  ozone ;  the  heat  set  free  being  118*2  and  223*7  calories 
respectively.  Whence  for  one  molecule,  48  grams,  the  heat  is 
equal  to  -f  68  8  calories.  Subtracting  from  this  the  heat  produced 
in  the  oxidation  of  a  molecule  of  arsenous  acid,  determined  by 
Favre  and  by  Thomsen  to  be  +39*2  calories,  we  have  +29*6 
calories  for  the  heat  set  free  by  conversion  of  one  molecule  of 
ozone  into  oxygen,  and  of  course  —29*6  calories  in  the  reverse 
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process.  This  value  is  one-half  greater  than  that  given  in  the 
formation  of  the  same  volume  of  nitrogen  monoxide  or  of  chlorine 
monoxide,  in  both  of  which  the  value  is  — 18.  It  is  two-thirds  of 
that  given  in  the  formation  of  nitrogen  dioxide  —48 '3.  In  the 
three  cases  of  direct  synthesis  of  compound  gases  under  the  influ- 
ence of  electricity,  the  author  finds : — 

O^  -|-()5  =  (03)g     U  volumes)  — 29*6  cal.  (spark  or  silent  discharge). 
N2-i-^4  =  ^204     (4  volumes)— 24-3  cal.  (spark). 
C^-f  H^=(C,H,)8  (4  volumes) — 64-  cal.  (electric  arc), — 

an  obvious  proof  of  the  function  of  electricity  in  chemical  synthe- 
sis. Ozone  therefore  is  a  body  in  whose  formation  heat  is  ab- 
sorbed, and  the  activity  of  which  is  due  to  this  heal,  which  is 
again  set  free  when  it  combines.  It  is  thus  a  magazine  of  energy 
stored  up  under  the  influence  of  electricity.  This  is  notable  when 
it  is  remembered  that  it  is  condensed  oxygen;  condensation 
generally  setting  free  heat. —  C.  /?.,  Ixxxii,  1281,  June,  1876. 

G.    F.    R 

2.  On  Hydrogen  antimonide  or  Stibine, — Owing  to  the  difli- 
culty  of  fi^eing  stibine  from  hydrogen,  and  to  the  fact  that  it 
spontaneously  decomposes  even  at  ordinary  temperatures,  its  exact 
composition  has  never  been  ascertained.  Jonbs  has  examined 
the  questi(»n  anew  and  has  obtained  results  which  are  closely  ap- 
proximate. The  method  he  preferred  for  preparing  the  gas  was 
to  allow  a  strong  solution  of  antimony  in  hydrochloric  acid  to 
drop  on  a  considerable  bulk  of  zinc  either  granulated  or  in  pow- 
der. Chancing  to  observe  the  ready  action  of  the  gas  on  sulphur, 
according  to  the  reaction 

(SbH3),+S,=Sb,S3+(H,S), 

the  author  made  use  of  the  fact  in  order  to  analyze  it.  The  dry 
gas  was  passed  through  weighed  U-tubes  containing  sulphur,  then 
through  a  calcium  chloride  tube,  and  then  through  a  strong  solu- 
tion of  copper  acetate.  The  apparatus  being  placed  in  sunlight 
(the  reaction  not  taking  place  in  the  dark)  it  was  found  that  a  second- 
ary reaction  took  place  between  the  stibine  and  the  hydrogen  sul- 
phide (SbHg)^  +(H2S)3=Sb2S3-(-(H2)e.  By  screening  the  empty 
portions  of  the  tubes  the  quantity  of  sulphide  thus  formed  was  les- 
sened ;  and  by  allowing  for  it,  the  amount  of  hydrogen  combined 
with  122  pafts  (one  atom)  of  antimony  was  found  to  be  in  two 
experiments,  3*34  and  3*13  respectively;  whence  the  author  con- 
cludes upon  SbHj  as  the  correct  formula  of  stibine.  He  found 
the  reaction  of  this  gas  on  sulphur  so  delicate  a  test  for  the  pres- 
ence of  light  that  he  made  some  photometric  and  photographic 
experiments  with  it.  It  is  an  excellent  test  for  antimony. — J^ 
Cnem.  Soc.^  clxi,  641,  May,  1876.  g.  p.  r 

3.  Compounds  of  Columbium  and  Tantalum  tcith  Nitrogefi 
€Uid  wUh  Carbov, — Jolt  has  made  a  series  of  experiments  on  the 
compounds  formed  by  reducing  at  high  temperatures  oxides  of 
columbium  and  tantalum  in   carbon   crucibles.     A  mixture   of 

Am.  JouB.  S'^i ,  THiRPftRHiRS— Vol.  XII,  No.  69.— Sept..  1876, 
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columbic  oxide,  sodium  carbonate  and  pure  carbon  thus  heated  to 
whiteness,  affords  a  crystalline  mass  of  an  olive  color  and  friable. 
Heated  to  the  temperature  of  fusion  of  nickel  for  six  or  seven  hours, 
long  violet-gray  orilliant  needles  are  obtained,  which  analysis 
showed  to  be  a  mixture  of  columbium  carbide  and  nitride.  The 
product  formed  at  the  temperature  of  fusion  of  steel  contained  f 
of  a  molecule  of  the  latter  to  one  of  the  former ;  when  heated  for  a 
longer  time  ^  of  a  molecule ;  and  that  formed  at  the  temperature 
of  msion  of  manganese,  ^  to  1.  Tantalic  acid  thus  treats  acts 
similarly  except  that  the  carburation  may  be  carried  higher ;  one 
product,  of  a  oeautiful  bronze-yellow  color,  obtained  at  the  tem- 
perature of  melted  steel,  containing  only  0*7  per  cent  of  nitrogen. 
— BvU.  Soc,  Ch.y  n,  XXV,  506,  June,  1876.  g.  f.  b, 

4.  Niew  mode  of  effecting  the  Substitution  of  Chlorine  or 
Bromine  in  Organic  Compounds, — Dahoiseau  has  called  atten- 
tion to  the  remarkable  way  in  which  carbon  facilitates  the  intro- 
duction of  chlorine  and  bromine  into  organic  compounds.  The 
form  of  carbon  he  prefers  is  obtained  by  calcining  a  mixture  of 
dried  blood  and  potassium  carbonate,  and  subsequent  washing 
and  ignitine.  If  the  animal  charcoal  thus  prepared  be  placed  in  a 
tube  heated  to  260°  to  400°,  and  a  mixture  of  chlorine  with,  for 
example,  ethyl  chloride  gas  be  passed  through  it,  abundant  white 
fumes  of  hydrochloric  acid  appear,  and  oily  drops  collect  on  the 
walls  of  the  tube.  By  varying  the  proportion  of  the  two  gases, 
monochlorinated,  dichlorinated,  trichlormated,  tetrachlorinated  or 
finally  perchlorinated  ethyl  chloride  may  be  obtained  singly  and 
almost  pure.  Other  chlorides  act  similarly.  With  bromine  the 
effect  is  even  greater.  It  is  remarkable  that  if  the  tube  be  filled 
with  pumice,  wood  charcoal,  alone  or  platinized,  or  even  with 
platinum  sponge  itself,  the  effect  is  insignificant. —  C  i?.,  Ixxxiii, 
60,  July,  1876.  G.  F.  R 

6.  On  Physical  Isomerism, — In  studying  nitrometachlomitro- 
benzene,  Laubenhuimeb  has  discovered  an  excellent  example  of 
physical  isomerism.  To  prepare  this  substance,  metachlomitro- 
Denzene  was  treated  with  a  mixture  of  fuming  nitric  and  sulphuric 
acids  with  the  aid  of  heat.  On  pouring  the  whole  into  water,  a 
yellow  oil  fell  down,  which  almost  entirely  solidified  to  a  crystal- 
line mass  on  cooling.  On  investigation  it  appeared  that  this 
nitrometachlornitrobenzene  existed  m  four  distinct  modifications, 
physically  isomeric,  three  of  which  were  solid,  the  other  liquid. 
The  first  or  a-modification  is  obtained  by  dissolving  the  crude 
product  in  warm  alcohol  and  allowing  it  to  cooL  An  oil  separates 
at  first,  in  which  after  some  time  crystals  appear  which  by  repeat- 
ing the  operation  become  large  thick  prisms.  Any  of  tne  other 
forms  when  melted,  crystallize  in  this  form  on  introducing  a  frag- 
ment of  it,  as  the  liquid  cools.  The  crystals  are  monoclinic  twins 
with  a  well-defined  cleavage,  in  which  a ;  b :  c=l'8873  :  1  :  0*9810 
and  ;/=114^  14'.  The  plane  of  the  optic  axes  is  perpendicular  to 
the  plane  of  symmetry.  Angle  between  them  46  31'  for  Na 
light.     Double  refraction   strong  and   negative.     Fusing  point 
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36'3°.  The  second,  or  /!/-modifieatioii  is  obtained  by  fusing  the 
first  completely  at  a  temperature  of  39°  to  40°,  and  allowing  to 
cooL  Long  concentric  groups  of  thin  prisms  are  in  this  way  ob- 
tained. Crystals  of  or,  after  five  weeks,  yield  fi  on  crystallization 
from  alcohol  Either  of  the  varieties  fused  and  allowed  to  cool 
yield  (i  on  introducing  a  crystal  of  this  form.  It  also  is  monoclinic 
but  without  cleavage.  The  axis-ratio  a :  b :  c=0-6249 : 1 :  0'5600 
and  y=9l°  27'.  Its  fVising  point  is  37-1°.  The  third  or  ;/-modi- 
fication  crystallized  from  tne  aqueous  solution  into  which  the  mix- 
ture was  poured  in  preparing  the  substance.  It  is  also  the  most 
permanent  form  of  them  all,  both  a  and  (i  crystals  becoming 
turbid  in  twenty-four  hours  and  being  completely  converted  into 
^  in  a  few  weeks.  The  crystals  are  orthorhombic,  show  a  dis- 
tinct cleavage,  and  have  a  moderate,  positive  double  refraction. 
The  angle  between  the  optic  axes  is  for  sodium  light  47°  17'. 
The  fusing  point  is  38*8°.  The  fluid  modification  was  obtained 
by  heating  any  of  the  other  forms  to  42°.  On  cooling  the  sub- 
stance remained  permanently  fluid,  though  a  fragment  of  either 
solid  form  caused  crystallization  at  once.  The  author  explains 
this  isomerism  on  the  hypothesis  of  Naumann,  that  physical  mole- 
cules are  aggregations  of  chemical  molecules,  and  that  the  stable 
molecules  are  composed  of  a  larger  number  of  chemical  molecules 
than  the  unstable.  Hence  the  fusing  points  of  the  latter  are 
lower,  the  specific  gravity  is  less  and  the  specific  heat  is  greater. 
— Ber,  BerL  Chem,  Ges.^  ix,  760,  June,  1876.  g.  p.  b, 

6.  Synthesis  of  Allantoin. — As  pyruvic  acid  acting  upon  urea 
gives  a  homologue  of  allantoin,  Grimaux  acted  upon  urea  with 
glyoxylic  acid  in  expectation  of  obtaining  allantom  itself.  One 
part  of  glyoxylic  acia  was  heated  to  100°  with  two  parts  of  urea 
for  eisht  to  ten  hours.  The  mass  was  extracted  with  boiling 
alcohol,  and  the  residue  was  dissolved  in  twelve  to  fifteen  times 
its  weight  of  hot  water.  On  cooling  beautiful  crystals  were 
deposited,  which  gave  on  analysis  the  formula  C4HgN403,  a 
glyoxylic  diureide.  Its  identity  with  allantoin  was  completely 
proved  by  its  chemical  reactions,  by  its  solubility,  by  its  crystalline 

^jj/NH-CO-NH, 

form,  etc.     The  rational  formula    i      \ NH  '^  jg  assigned 

CO-NH/^^ 
to  it  by  the  author. —  C/.  jB.,  Ixxxiii,  62,  July,  1876.  o.  p.  b. 

7.  High  Pressure  Manometer, — M.  L.  Caillbtbt,  in  a  recent 
examination  of  the  change  of  volume  which  a  cylindrical  reservoir 
of  glass  imdergoes,  found  this  change  exactly  proportional  to  the 
pressure.  Experiment  carried  to  the  point  of  fracture  showed 
that  this  law  neld  at  even  the  highest  pressure,  and  that  more- 
over the  glass  underwent  no  permanent  chitnge  in  shape.  An 
extremely  simple  manometer  is  based  on  this  principle.  It  con- 
sists of  a  sort  of  glass  thermometer  whose  cylindrical  reservoir  is 
enclosed  in  spherical  cups  and  filled  with  colored  liquid  or 
mercury.     The  capillary  tube  is  calibrated  with  care  and  is 


216  Scientific  Intelligence, 

enlarged  at  one  point  ao  that  it  may  be  attached  to  the  reservoir 
by  gutta  percha  passing  through  a  copper  orifice.  The  latter  is 
then  closed  by  a  screw  surrounding  the  tube.  Liquid  being 
pressed  into  the  outer  reservoir  compresses  the  glass  and  causes 
the  mercury  to  rise  in  the  tube  by  an  amount  proportional  to  the 
pressure. 

It  is  indispensible  that  the  temperature  of  the  apparatus  should 
be  constant,  which  is  easily  accomplished  by  surrounding  it  with 
water  or  melting  ice.  In  rapid  determinations  even  these  pre- 
cautions are  needless.  It  is  only  necessary  to  take  care  before 
applying  the  pressure  to  see  that  the  level  of  the  liquid  coincides 
with  the  zero  of  the  graduated  scale.  If  this  is  not  the  case  the 
scale  should  be  raised  or  lowered  to  the  proper  position.  By 
varying  the  relative  dimensions  of  the  tube  and  reservoir  any 
desired  sensibility  may  be  attained.  A  comparison  of  this  instru- 
ment with  the  open-air  manometer  of  the  College  of  France 
shows  that  the  liquid  displaced  by  the  diminution  of  the  glass 
envelope  rises  to  a  height  exactly  proportional  to  the  pressure 
exercised  upon  its  walls.  In  fact  this  should  be  so,  for  if  we  take 
for  abscissas  the  pressures  and  for  ordinates  the  volumes  of  the 
peizometer,  the  compressibility  of  the  glass  being  very  small  this 
volume  changes  but  little,  so  that  for  very  different  pressures 
p  and  p\  the  volumes  v  and  v'  differ  but  little ;  consequently  the 
curve,  whatever  it  may  be,  will  approach  very  nearly  to  a  straight 
line.  Consequently  the  change  in  volume  of  the  reservoir  ought 
to  be  proportional  to  the  increase  in  pressure,  and  this  within 
very  wide  limits,  provided  the  change  in  volume  is  small. — Joum, 
de  Phy8,y  V,  181.  E.  c.  p. 

8.  Waves  on  Lake  Gefieva. — Dr.  Fobel  gave  the  London 
Physical  Society  an  account  of  some  interesting  observations 
which  he  has  recentlv  made  on  the  periodic  waves  which  take 
place  on  the  Swiss  Lakes  and  are  there  called  "  Seiches."  It  has 
long  been  observed  that  the  waters  of  most  of  these  lakes  are 
subject  to  a  more  or  less  regular  rise  and  fall,  which  at  times  has 
been  found  to  be  as  much  as  one  or  two  meters.  Dr.  Forel  has 
studied  this  phenomenon  in  nine  different  lakes,  and  finds  that  it 
varies  with  the  length  and  depth  of  the  lake  and  is  in  every  way 
analogous  to  that  already  studied  by  Prof.  Guthrie  in  artificial 
troughs,  and  follows  the  laws  which  he  has  deduced  from  his 
experiments.  Most  of  the  observations  in  Switzerland  were  made 
on  the  Lake  of  Geneva,  but  that  of  Neuchatel  was  found  to  be 
best  fitted  for  the  study  of  the  subject,  possessing  as  it  does  an 
extremely  regular  geometric  form.  The  apparatus  he  employed 
was  very  sensitive  to  the  motion  of  the  water,  being  capable  of 
registering  the  waves  caused  by  a  steamboat  half  an  hour  after  it 
had  passed  and  five 'minutes  before  its  arrival,  and  was  so  con- 
structed as  to  eliminate  the  effect  of  common  waves,  and  to 
register  the  motion  side  by  side  with  a  record  of  the  state  of  the 
barometer,  on  paper  kept  in  continuous  motion.  While  he  found 
the  duration  of  waves  to  be  ten  minutes  at  Monges  it  was  seventy 
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minutes  at  Geneva,  and  this  is  explained  by  the  narrowness  of  the 
neck  of  the  lake  at  the  latter  place.  This  period  he  proved  to  be 
independent  of  the  amplitude,  and  to  be  least  in  the  shortest  lakes. 
For  shallow  lakes  the  ])eviod  is  lengthened,  and  his  observations 
show  that  the  period  is  a  function  of  the  length  and  depth  and  that 
longitudinal  and  transverse  waves  may  coexist,  just  as  Prof.  Guthrie 
has  shown  to  be  the  case  in  troughs. -^iW/^wre,  xiv,  164.   e.  c.  p. 

9.  JFriction  of  th^  Ether. — Mr.  W.  M.  Hicks  drew  the  atten- 
tion of  the  Cambridge  Philosophical  Society  to  some  experiments 
of  Messrs.  Stewart  and  Tait  on  the  heating  of  disks  by  rapid  rota- 
tion in  vacuo,  and  which  they  referred  to  the  friction  of  the  ether. 
He  showed  that  it  was  not  necessary  to  have  recourse  to  this 
explanation,  that  nearly  all  the  effects  could  be  accounted  for  if  it 
is  supposed  that  the  disc,  through  the  rapid  rotation,  has  ex- 
pandt'd  and  consequently  been  lowered  in  temperature,  that  whilst 
rotating  it  is  raised  to  the  temperature  of  the  surrounding  region, 
and,  therefore,  when  the  rotation  is  stopped,  and  the  disc  has 
shrunk  to  its  former  size,  it  will  give  out  the  heat  it  had  taken  in 
whilst  rotating.  In  the  case  of  silver  it  was  shown  tha*}  the  disc 
ought  to  show  a  rise  of  •4°C.,  if  the  rotation  had  been  continued 
for  some  time,  and  this  was  compared  with  the  rise  of  •47°C.  which 
Messrs.  Stewart  and  Tait  had  observed  in  an  aluminum  disc,  thus 
showing  that  the  effect  was  of  the  same  order  of  magnitude  in  the 
two  cases.  It  was  also  shown  that  if  the  whole  heating  were  due 
to  ethereal  friction,  that  this  friction  would  be  "0006  lbs.  per 
square  foot,  and  that  if  we  suppose  this  amount  to  act  on  the  sur- 
face of  the  earth,  the  day  would  be  lengthened  in  the  course  of  a 
century  by  something  like  '006'. — Nature^  xiv,  144.  k.  c.  p. 

10.  Specific  heat  of  Gases, — M.  M,  Kundt  and  Warburg  have 
determined  experimentally  the  ratio  of  the  two  specific  heats  of 
mercury  vapor  which  has  been  supposed  by  chemists  to  consist  of 
monatomic  molecules.  According  to  the  Kinetic  theory  of  gases, 
supposing  the  gaseous  molecule  to  consist  of  only  one  atom,  the 
relation  of  the  two  specific  heats  (as  Clausius  has  shown)  would 
be  1*666.  The  lower  number  obtained  by  experiment  for  several 
gases  may  probably  be  explained  by  the  complete  constitution  of 
their  molecules.  The  method  here  employed  was  to  produce  a 
sound  in  two  glass  tubes  placed  end  to  end,  and  containing,  one 
mercury  vapor,  the  other  air.  Having  introduced  powder  into  the 
tubes  they  observed  the  distances  between  the  nodes  of  vibration. 
Applying  the  formula  for  the  velocity  of  sound  which  includes 
the  densities,  temperatures,  and  the  ratio  of  the  specific  heats,  and 
taking  as  the  value  of  this  ratio  in  the  case  of  air,  the  number 
1*405,  they  obtain,  for  mercury  vapor  the  number  1*67,  which  may 
be  considered  as  fully  in  accord  with  the  number  1  "666  furnished 
by  theory. — Pogg,  Ann,^  iii,  1876.     Nature^  xiv,  182.      e.  c.  p. 
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1.  Geological  Survey  of  Canada ;  Alfred  R.  C.  Selwyn, 
F.R.S.,  Director.  JReport  of  Progress  for  1874-76.  Montreal. 
320  pp.  8vo.  1876. — This  report  consists  of  an  introductory 
report  by  Mr.  Selwyn  ;  reports  on  the  country  west  of  Lake  Man- 
itoba and  Winnepegosis,  and  on  the  geology  of  Lake  Winnipeg, 
by  Mr.  R.  Bell  ;  on  the  country  between  Uie  Upper  Assineboine 
River  and  Lakes  Winnepegosis  and  Manitoba,  by  Mr.  J.  W. 
Spencer;  on  explorations  in  British  Columbia,  by  Mr.  J.  Rich- 
ardson ;  on  observations  in  New  Brunswick,  by  Prof  Bailey  and 
Mr.  Matthew  ;  on  boring  operations  in  New  Brunswick,  and  on 
the  iron  ore  deposits  of  Carlton  Co.,  N.  B.,  by  Mr.  R.  W.  Ells  ; 
on  portions  of  Frontenac  and  Lanark  Counties,  and  on  the 
economic  minerals,  by  Mr.  H.  G.  Vennor  ;  on  explorations  in  Cape 
Breton,  by  Mr.  C.  Hobb;  on  statistics  of  the  trade  and  manufac- 
ture of  Canadian  salt,  by  Mr.  J.  L.  Smith  ;  on  some  Canadian 
minerals,  by  Mr.  B.  J.  Harrington  ;  chemical  contributions,  by 
C.  H.  Hoffmann.  The  reports  contain  much  of  value  to  science. 
We  cite  a  few  of  the  facts : 

Glacial  Strice,  —  According  to  Mr  Bell  the  glacial  striae  on  the 
east  side  of  Lake  Winnepeg,  and  between  Lake  Winnipeg  and 
Lake  Superior,  run  generally  to  the  south  westward.  This  direction 
confirms  the  view,  presented  by  the  writer,  that  the  great  glacier 
had  its  maximum  height  above  the  sea-level  between  that  region 
and  the  Atlantic  coast  along  the  area  of  greatest  precipitation, 
and  that  it  thinned  down  toward  the  continental  interior. 

Heights  of  Lake  Winnipeg  and  others. — Mr.  Bell  states  that 
the  Canadian  Pacific  Railway  Survey  obtained,  by  a  series  of 
spirit  levels  carried  all  the  way  from  the  sea,  for  the  height  above 
sea-level  of  Lake  Winnipeg,  710  feet;  St.  Martin's  Lake,  737  feet; 
Lake  Manitoba,  762  feet ;  Lakes  Winnipegosis  and  Cedar,  770 
feet ;  Lake  of  the  Woods,  1 ,042  feet. 

Mascarene  Series  of  New  Brunswick^  Upper  Silurian  in  age, — 
Messrs.  Baily  and  Matthew  in  their  report  state  that  the  so-called 
"Mascarene  series"  of  Southern  New  Brunswick,  containing  dio- 
rytes,  felsytes,  argillytes,  is  of  Upper  Silurian  age.  It  includes 
below,  sandstones,  and  red,  green,  and  purplish  argillytes,  afford- 
ing on  the  southwest  side  of  Passamaquoddy  Bay  numerous  shells 
of  the  genera  Modiolopsis,  Jjingnla,  and  Loxonema ;  and  above, 
diorytes,  felsytes  (the  color  usually  brick  red)  and  red  slates.  On 
the  Mascarene  shore  the  rocks  have  a  thickness  of  about  2000 
feet.  The  lowest  division,  consisting  of  about  400  feet  of  feld- 
spathic  slates,  affords  L^pper  Silurian  fossils  at  Back  Bay  of  La 
Tete  Harbor,  at  Frye's  Island  and  at  Oak  Bay.  The  next  divis- 
ion, about  600  feet  thick,  is  stated  to  afford  remains  of  "  Cordaites, 
a  large  Cyclopteris^  probably  a  Sphenopteris,  and  a  CarpolitCy 
and  striate  and  punctate  stems  of  Ferns." 

Analyses  and  Descriptions  of  Minerals, — Mr.  Harrington  gives 
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analyses  of  an  aluminous  pyroxene  from  Grenville ;  sodalite  and 
natrolite,  from  felsytic  dikes,  intersecting  Trenton  limestones 
near  Montreal;  Chromiferous  serpentine  from  Bolton  or  Mel- 
bourne; pyrrhotite  of  Elizabethtown ;  serpentine  containing  mag- 
nesite ;  feldspar  of  a  dioryte,  near  anorthite ;  and  Mr.  Homnann, 
analyses  of  taolinite;  a  Hisingerite-like  mineral  from  Elizabeth- 
town;  a  feldspar  (labradorite)  of  a  dioryte  from  North  Sherbrooke; 
and  a  pyrite  from  Londonderry,  Nova  Scotia,  besides  analyses  also 
of  some  mineral  waters.  j.  d.  d. 

2.  Bulletin  of  the  Geological  and  Geographical  Survey  of  the 
Territories^  Dr.  F.  V.  Hayden  in  charge.  VoL  ii,  No.  4,  pp. 
279-374  (closing  the  volume).  Washington,  August  4,  1876. 
Department  of  the  Interior. — This  new  number  of  the  Bulletin 
contains  the  following  papers:  Notes  on  the  Geology  of  North- 
eastern New  Mexico,  by  O.  St.  John  ;  on  Sexual,  Individual  and 
Geographical  variation  in  Leucosticte  Tephrocotia,  and  on  geo- 
graphical variation  among  North  American  Mammals,  especially  in 
respect  to  size,  by  J.  A.  Allen  ;  on  fossils  from  Vancouver's  and 
Sncia  Islands,  and  other  northwestern  localities,  and  on  the  New 
Genus,  Uintacrifius  of  Grinnell,  by  F.  B.  Meek.  Mr.  St.  John 
treats  of  the  Cretaceous  and  Tertiary  strata  of  the  region,  the 
mesas  of  basalt,  besides  the  general  features  of  the  valleys,  parks 
and  ridges,  and  illustrates  his  subject  by  admirable  sketchy 
views,  illustrating  both  the  geology  and  scenery.  He  states  that 
*•  the  basin  of  the  Canadian  is  partially  surrounded  on  two  sides 
by  the  immense  basaltic-capped  mesas,  the  flat  summits  of  which 
rise  1,000  to  1,500  feet  above  its  surface."  The  plain  itself  is 
everywhere  traversed  by  dikes,  the  rocks  of  which  are  the  same  as 
those  of  the  mesas.  The  Capulin  country  to  the  east  of  the 
Canadian  has  similar  mesas  of  varying  height ;  and  all  were  once 
probably  united.  The  basaltic  layers  usually  overlie  directly 
Cretaceous  or  TertiaiT  beds,  and  were  ejected  at  the  close  of  the 
Tertiary. 

Mr.  Allen  shows  that  the  individuals  of  the  species  of  JF^/icfop 
of  North  America  increase  in  size  to  the  southward;  of  the  Canidce 
and  Procyonidce  increase  to  the  northward  and  decrease  to  the 
southward;  of  the  Ursid(je,  increase  to  the  northward;  of  the 
Seiuridcey  and  Leporidce  also  increase  to  the  northward  or  decrease 
to  the  southward;  and  he  states  the  general  conclusion — that  the 
individuals  are  largest  in  the  region  "  where  the  group  reaches 
its  highest  development,  or  where  it  has  what  may  be  termed  its 
center  of  distribution  ;'*  and  •*  the  most  typical  or  most  general- 
ized representatives  of  a  group  are  found  near  its  center  of 
distnbution,  outlying  forms  being  generally  more  or  less  '*  aber- 
rant" or  "  specialized."  See  for  a  further  notice  of  Mr.  Allen's 
memoir,  by  Prof.  Verrill,  page  238  of  this  volume. 

Mr.  Meek  describes  three  Carboniferous  species  from  the  borders 
of  Washington  Territory  near  49°  north  and  114°  west,  and 
several  Cretaceous  species  from  Vancouver's  and  the  Sucia  Islands. 
The  paper  is  illustrated  by  six  plates.     Mr.  Meek  also  describes 
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and  figurefl  sj>ecinien8  of  the  Uintdcrinua  socialis  of  Grinnell — a 
Cretaceous  Crinoid, — and  points  out  some  characters  that  were 
not  distinct  in  Grinneirs  specimens. 

3.  Report  of  the  Exploring  Mepedition  from  Sante  Fi^  New 
Mexico,  to  the  junction  of  the  Grand  and  Green  Rivers  of  the 
Great  Colorado  of  the  West,  in  1859,  under  the  Commander,  Capt. 
(now  Colonel)  J.  N.  Macomb,  Corps Topogr.  Engineers;  with  the 
Geological  Report  of  Prof.  J.  S.  Newberry,  Geologist  of  the 
Expedition.  Engineers'  Department,  U.  S.  Army.  148  pp.  4to. — 
This  volume,  excepting  the  first  four  pages  occupied  with  the 
General  Report  of  Colonel  Macomb,  is  made  up  of  the  Geological 
Report  of  Prof.  Newberry,  a  Paleontological  report  on  the  Carbon- 
iferous and  Triassic  fossils,  by  the  same  author,  and  another  on 
the  Cretaceous  Fossils,  by  Mr.  F.  B.  Meek.  The  text  is  illustrated 
by  a  number  of  excellent  lithographs  printed  in  colors,  represent- 
ing geological  views,  and  the  paleontological  descriptions  by  eight 
plates  of  fossils. 

The  expedition  was  in  the  field  during  the  summer  of  1859; 
and  the  report  of  Dr.  Newberry,  its  geologist,  bears  the  date 
"May  1,  I860;"  but  the  "breaking  out  of  the  rebellion"  arrested 
its  publication,  and  only  recently  was  its  printing  ordered. 

Dr.  Newberry  remarks  that  the  region  has  since  been  the  field 
of  several  exploring  and  surveying  expeditions,  and  the  subjects 
of  their  reports ;  so  that  the  results  he  obtained  have  been  partly 
anticipated.  He  has  wisely,  however,  published  his  report  as  it 
was  written,  without  reference  to  the  later  works.  The  report  is 
therefore  all  the  more  valuable  as  independent  testimony  with 
regard  to  the  geological  structure  of  the  country.  It  treats  of  the 
coal  and  the  Coal-measures  of  Kansas,  and  the  extension  of  the 
Carboniferous  (Coal-measure)  limestone  westward ;  of  the  succeed- 
ing Permian,  first  met  at  Dragoon  Creek ;  of  the  Gypsum  forma- 
tion (Triassic  or  Triassic  and  Jurassic)  which  overlies  the  Per- 
mian from  the  west  side  of  Cottonwood  Creek  to  Walnut  Creek; 
of  the  Lower  Cretaceous  beds  of  Walnut  Creek  to  Pawnee  Fork; 
of  the  "  Tertiary  basin  of  the  Arkansas,"  as  Dr.  Newberry  had 
before  designated  it,  whose  western  margin  crosses  the  Santa  Fe 
road  west  of  the  Pawnee  Fork ;  and  of  the  Tertiary,  C'retaceous 
and  other  strata  on  the  way  to  Santa  F6 ;  of  the  Geology  of  the 
vicinity  of  Santa  F6 ;  of  the  Geology  of  the  route  from  Santa  F6 
to  the  Sierra  la  Plata,  including  a  description  of  the  boiling  spring 
of  Pagosa,  40  to  50  feet  in  diameter,  in  apparent  ebullition  from 
escaping  gases,  situated  on  the  San  Juan,  up  the  valley  between 
the  Sierr.i  San  Juan  and  the  Sierra  del  Navajo;  on  the  Geology 
of  the  Sage-Plain  and  Valley  of  the  Upper  Colorado,  with  an 
account  of  the  clift*  habitations ;  and  on  the  region  of  the  San 
Juan.  Dr.  Newberry  describes  and  figures  Triassic  plants  ( Otoza- 
mites,  Zcnuites,  Pecopteris,  PterophyUum,  Podozamites,  Alethop- 
tei'is^  Camptopteris,  Tceniopteris^  and  «7<5a;?/?aw/iVi)  from  Los  Bronces 
or  Yaki  River,  Sonora,  and  from  the  copper  mines  near  Abiquia, 
New  Mexico,  besides  some  Carl>oniferou8  and  Cretaceous  fossils ; 
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and  Mr.  Meek,  various  Cretaceous  s])ecie8.  Dr.  Newberry  mentions 
that  a  larger  species  of  Jeanpaulia  has  been  observed  by  him 
among  the  plants  of  the  Triassic  of  North  (Carolina. 

It  is  greatly  to  be  regretted  that  the  publication  of  this  excel- 
lent volume  has  been  so  long  delayed. 

4.  Report  of  Explorations  a>cro8S  the  Great  Basin  of  the  Ter- 
ritftry  of  Uta\  for  a  direct  wagonrroute  from  Camp  Floyd  to 
Genoa  in  Carson  Valley^  in  1859,  bv  Capt.  (now  Colonel)  J.  H. 
Simpson,  Corps  Topogr.  Engineer,  tj.  S.  A.  Engineers'  Depart- 
ment, U.  S.  A.  494  pp.  4to,  with  plates  and  maps.  Washington, 
1876.  Containing  a  Geological  Report  of  Mr.  Henry  Engel- 
mann;  Paleontological,  of  Mr.  F.  B.  Mkek;  Tchthyological,  of  Mr. 
T.  Gill,  etc. — The  explorations  here  recorded  were  made  in  1869, 
and  the  report  now  published  bears  the  date  Febuary  6,  1861 — 
the  delay  in  publication  having  been  occasioned  by  the  civil  war. 

The  volume  is  occupied  chiefly  by  the  observations  of  the  Engin- 
eer corps-^including,  the  results  of  astronomical,  topographical, 
climatal,  magnetic  and  other  related  investigations,  tables  of  dis- 
tances, altitudes  and  grades  of  routes  ;  but  contains  also  a  history 
of  the  explorations  of  the  Great  Basin  from  the  time  of  Father 
Escalante  in  1776  to  the  present  period,  and  a  general  description 
of  the  country,  with  Captain  Simpson's  Itineraries ;  also  a  Geologi- 
cal Report,  occupying  92  pages,  by  Henry  Engelmann,  geologist 
of  the  expedition,  a  Paleontological  Report,  of  40  pages,  by  Mr. 
F.  B.  Meek;  and  Appendixes  on  the  Birds,  by  Prof.  Baird,  on  the 
Fishes,  by  Mr.  T.  Gill,  on  the  Botany,  by  Mr.  G.  Engelmann,  and 
on  Eastern  Utah  and  its  Indians,  by  Dr.  6.  Hurt.  The  delay  in 
the  publication  of  Mr.  Henry  Engelmann's  valuable  report  has 
lost  him  tlie  credit  of  first  discovery  in  many  points  connected 
with  the  geology  of  the  region.  It  treats  of  the  geology  of 
Eastern  Kansas  and  Southeastern  Nebraska ;  of  the  plains  next 
west,  to  the  foot  of  the  Rocky  Mountains ;  of  the  district  of  the 
Rocky  Mountains,  between  Fort  Laramie  and  the  South  Pass ;  of 
the  Green  River  Basin,  and  the  region  west  to  the  axis  of  the 
Wahsatch  Mts. ;  the  district  of  Central  and  Western  Utah,  the 
so-called  Great  Basin.  Mr.  Meek's  report  gives  descriptions  and 
figures  of  Devonian,  Carboniferous,  Jurassic,  Cretaceous  and  Ter- 
tiary fossils,  the  illustrations  occupying  five  plates.  The  Ichthyo- 
logical  Report  of  Mr.  Gill  is  accompanied  by  eleven  lithographic 
plates,  and  the  Botanical  Report  of  Mr.  G.  Engelmann,  by  tnree 
plates,  illustrating  the  species  Echinocactus  ^Simpsoni  Engelm. 
and  Opuntia  pulcheUa  Engelm. 

5.  Fossil  marine  plants  from  the  Coal-measures, — Mr.  Les- 
QUEREUX,  in  the  Report  of  the  Indiana  Geological  Survey  for  1876, 
has  described  three  species  of  sea-weeds  of  the  Lower  Silurian 
genus  Palceophycus  Hall,  from  iron  concretions  in  a  bed  of  clay 
over  coal  L,  on  a  branch  of  Salt  Creek,  Vigo  County,  Indiana ; 
also  others  of  the  new  genera  Asterophycus  from  a  sandstone  con- 
nected with  coal-beds  near  New  Harmony,  Indiana,  and  from  the 
Lower  Carboniferous,  Rock  Castle,  Kentucky,  and  ConostichuSy 
from  Port  Byron,  Illinois  and  from  Indiana. 
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6.  Remarks  on  Fossils  from  the  Ashley  Phosphate  Seds. — 
Prof.  Leidy  observed  that  the  so-called  phosphate  beds  of  Ashley 
River,  South  Carolina,  were  remarkable  for  the  singular  admix- 
ture of  multitudes  of  fossils  of  diflferent  ages,  from  the  early  Ter- 
tiary period  inclusive  down  to  the  present  epoch.  The  phosphatic 
nodules,  for  which  the  beds  are  explored,  appear  to  have  had  their 
origin  from  the  Eocene  rocks  beneath.  These  have  also  contributed 
numerous  remains  of  marine  vertebrates,  especially  of  squalodonts, 
reptiles,  and  fishes.  Mingled  in  the  sand  and  clay  with  the  phos- 
phatic nodules  and  bones  of  Eocene  animals,  are  innumerable 
remains  of  cetaceans,  sharks,  and  other  marine  animals  of  perhaps 
the  middle  and  later  Tertiary  ages.  Added  to  these  are  multi- 
tudes of  remains  of  both  marine  and  terrestrial  animals  of  the 
Quaternary  period.  There  are  found  pell-mell  together  bones  of 
Eocene  squalodonts,  animals  related  to  the  whales  and  seals ;  hosts 
of  teeth  of  the  great  shark  Carcharodon  augustidens ;  myriads 
of  teeth  of  the  giant  of  sharks  of  the  Tertiary  period,  the  Car- 
charodon  megalodon  ;  bones  and  teeth  of  whales  and  porpoises; 
and  abundance  of  remains  of  elephant,  mastodon,  megatherium, 
horse,  etc. ;  and  occasionally  the  rude  implements  of  our  more 
immediate  ancestors. 

From  among  a  collection  of  fossils  from  the  Ashley  phosphate 
beds,  recently  submitted  to  his  inspection  by  Mr.  J.  M.  Gliadon, 
of  the  Pacific  Guano  Company,  the  specimens  were  selected  which 
lie  upon  the  table.  One  of  these  is  a  well-preserved  tooth  of  a 
Megatherium ;  another,  a  ('haracteristic  portion  of  the  skull  of  a 
Manatee;  a  third,  a  complete  tusk  of  the  Walrus;  indicating  a 
still  farther  point  south  for  the  extension  of  this  animal  than  had 
been  previously  known  ;  fourth,  a  huge  tooth  of  a  cetacean  allied 
to  the  sperm  whale,  probably  the  same  as  those  from  the  crag  of 
Antwerp  ascribed  to  Dinoziphius.  Besides  these  there  are  the 
beaks  of  three  cetaci*ans  of  the  little  known  family  of  the  Ziphioids. 
These  are  porpoise-like  animals,  without  teeth  in  the  upper  jaw, 
and  usually  with  but  a  single  pair  of  teeth  in  the  lower  jaw.  The 
beaks,  composed  of  the  co-ossified  bones  of  the  face,  are  remark- 
able for  their  ivory-like  density  which  probably  rendered  them 
available  as  weapons  of  defence. 

A  fourth  beak  from  the  same  locality,  presented  by  Mr.  C.  S. 
Bement,  belongs  to  a  different  species  of  the  same  family.  The 
beaks  and  some  associated  fossils  will  form  the  subjects  of  a 
paper  shortly  to  be  presented  to  the  Academy. 

The  beaks  have  been  referred  to  species  with  the  following 
names  and  brief  distinctive  characters : — 

Choneziphixis  trachops. — Supra-vomerian  canal  open.  Inter- 
maxillarie«  co-ossified  and  formmg  a  crest  along  the  middle  of  the 
beak  extendi n<r  to  the  interval  of  the  prenareal  fossae.  Maxillaries 
with  a  rugged  tract  at  the  upper  part  of  the  base  of  the  beak. 

Vhoneziphius  Hops. — Beak  proportionately  of  less  length  than 
in  the  preceding.     Supra-vomerian  canal  and  intermaxillaries  the 


Oeology  and  Mineralogy.  228 

same,  except  that  the  crest  of  the  latter  in  front  is  acnte.  Maxil- 
laries  without  the  rugged  tract  at  base. 

Sboroziphius  ccelops, — A  new  genus  as  well  as  species.  Beak 
above  forming  a  broad  gutter  as  in  Hyperoodon,  and  not  divided 
by  an  intermaxillary  crest  as  in  the  preceding.  Maxillaries  with 
prominent  lateral  crests  at  base,  convex  inwardly.  Right  prena- 
real  fossa  occupied  by  a  thick  osseous  disk.  Intermaxillanes  co- 
ossified.     Supra-vomerian  canal  open. 

3elemnoziphvu8  proropa, — BeaK  solid,  with  all  traces  of  the 
original  separation  of  the  constituent  bones  and  the  ossified  mes- 
ethmoid  cartilage  obliterated. — Proc,  Acad,  Nat,  Sci.y  Philad,j 
May  9. 

7.  Fish  Remains  of  the  Mesozoic  lied  Shales, — Prof.  Leidy 
remarked  that  the  remains  of  life  were  rare  in  the  Mesozoic 
red  shales  which  cross  Pennsylvania  about  fifteen  miles  north  of 
Philadelphia.  Hence  any  fossils  whatever  from  these  rocks  were 
of  interest.  The  three  cycloid  fish  scales,  and  a  few  detached 
caudal  rays,  in  the  fragments  of  red  shales,  presented  by  him  this 
evening,  he  found  on  the  Perkiomen  Railroad,  near  Yerkes'  Station, 
Montgomery'  County.  One  of  the  scales  resembles  those  described 
by  the  late  Prof.  E.  Emmons,  under  the  name  of  Rhabdiolepis 
eiegans,  from  the  mesozoic  coal  shales  of  Chatham  Co.,  N.  C. — 
Proc,  Acad.  Nat.  Sci.^  Philad.y  May  9. 

8.  A  Study  of  the  Rhoetic  Strata  of  the  Vol  di  Ledro,  in  the 
Southern  Tyrol ;  by  T.  Nelson  Dale,  Jr.,  Mem.  Geol.  Soc.  de 
France.  70  pp.  8vo,  with  maps  and  sections.  Paterson,  N.  J. 
1 876. — The  author  gives  the  results  of  his  geological  explorations 
in  the  Southern  Tyrol,  and  illustrates  his  subject  with  a  colored 
geological  map  and  many  sections. 

9.  On  the  Mammalia  and  TVaces  of  Man  found  in  the  Robin- 
Mood  Cave;  by  W.  Boyd  Dawkins. — ^The  author  noticed  the 
various  species  of  animals  discovered  by  Mr.  Mello  during  the 
researches,  the  results  of  which  are  given  in  another  paper,  and 
drew  certain  conclusions  from  their  mode  of  occurrence  as  to 
the  history  of  Robin  Hood's  Cave.  He  considered  that  the  cave 
was  occupied  by  Hyaenas  during  the  formation  of  the  lowest  and 
middle  deposits,  and  that  the  great  majority  of  the  other  animals 
whose  remains  occur  in  the  cave  were  dragged  into  it  by  the 
Hyaenas.  That  they  served  as  food  for  the  latter  is  shown  by  the 
condition  of  many  of  the  bones.  During  this  period  the  red  sand 
and  clay  of  the  lowest  stratum  was  deposited  by  occasional  floods. 
The  red  loam  or  cave-earth  forming  the  middle  stratum  was  prob- 
ably introduced  during  heavy  rains.  The  occupation  of  the  cave 
by  Hyaenas  still  continued,  but  it  was  disturbed  by  the  visits  of 
Palaeolithic  huntere.  The  remains  found  in  the  breccia  indicate 
that  the  cave  was  inhabited  by  man,  and  less  frequently  visited 
by  hyaenas  than  before.  The  presence  of  vertebrae  of  the  hare  in 
the  breccia  would  imply  that  the  hunters  who  occupied  the  cave 
had  not  the  dog  as  a  domestic  animal.  After  a  discussion  of  the 
relations  of  the  animals  forming  the  fauna  of  the  cave,  the  author 
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proceeded  to  describe  the  traces  of  man  found  in  it,  which  consist 
of  fragments  of  charcoal,  and  implements  made  of  antler  and 
mammoth-tooth,  quartzite,  ironstone,  greenstone  and  flint.  The 
distribution  of  these  implements  in  the  cave  represents  three  dis- 
tinct stages.  In  the  cave-earth  the  existence  of  man  is  indicated 
by  the  quartzite  implements,  which  are  far  ruder  than  those  gene- 
rally formed  of  the  more  easily  fashioned  flint.  Out  of  94  worked 
quartzite  pebbles  only  three  occurred  in  the  breccia,  while  of  267 
worked  flmts  only  eight  were  met  with  in  the  cave-earth.  The 
ruder  implements  were  thus  evidently  the  older,  corresponding  in 

fcneral  form  with  those  assigned  by  De  Mortillet  to  "  the  age  of 
loustier  and  St.  Acheul,"  represented  in  England  by  the  ruder 
implements  of  the  lower  breccia  in  Kent's  Hole.  The  newer  or 
flint  series  includes  some  highly  finished  implements,  such  as  are 
referred  by  De  Mortillet  to  "  the  age  of  Solutr6,"  and  are  found 
in  England  in  the  cave-earth  of  Kent's  Hole  and  Wookey  Hole. 
The  discovery  of  these  implements  considerably  extends  the  range 
of  the  Palaeolithic  hunters  to  the  north  and  west,  and  at  the  same 
time  establishes  a  direct  relation  in  point  of  time  between  the 
ruder  types  of  implements  below  ana  those  more  highly  finished 
above. — /Voc.  Geol.  Soc,  in  Ann,  Mag,  Nat.  ffist.^  Aug.,  1876. 

10.  Evidences  of  Theriodonts  in  Permian  Deposits  elsewhere 
than  in  South  Africa ;  by  Prof.  R.  Owkn. — In  this  paper  the 
autlior  noticed  some  described  Reptilia  which  he  believes  to  be- 
long to  his  order  Iheriodoutia.  In  1888  Kutorga  described  as 
probably  mammalian  the  distal  end  of  a  humerus  showing  a  per- 
foration or  canal  above  the  inner  condyle.  The  specimen  was 
from  the  Permian  of  the  Western  Ural ;  and  Kutorga  gave  it  the 
name  of  Brithopus  priscus.  Under  the  name  of  Orthopus  primas- 
vus  he  described  the  proximal  part  of  the  humerus  of  the  same 
species,  perhaps  of  the  same  bone.  There  is  thus  evidence  of  an 
extinct  reptile  in  the  Permian  deposits  of  the  Ural  with  a  hu- 
merus showing  the  characters  of  the  Theriodont  reptiles  of  the 
Karoo  series  of  South  Africa.  The  British  Museum  possesses  a 
cast  of  tlie  first-mentioned  fragment,  labelled  by  Krantz  "JEWro- 
saurus  UraleNsis,  H.  von  Meyer,  Brithopiis  priscus,  Kutorga." 
The  genus  Eurosaurus  was  founded  in  1 842,  by  Fischer  von  Wald- 
heim,  upon  some  fragments  of  bone,  including  a  humerus  with  a 
broad  proximal  end  as  in  Kutorga's  Orthopus ;  and  Fischer  also 
noticed  a  humerus  showing  characters  like  those  of  Kutorga's 
Brithifpus^  from  the  same  locality  as  the  portion  of  a  jaw  described 
under  the  name  of  Rhopalodon  Wangenheimii  Fischer,  which 
contained  nine  molar  teeth,  with  thick,  pointed,  subcompressed 
crowns,  with  trenchant  and  serrate  borders.  In  1858  H.  von 
Meyer  described  a  skull  from  the  Permian  of  the  Ural,  under  the 
name  of  Mecosaurus  UraXiensis^  as  a  Labyrinthodont ;  and  Eich- 
wald  referred  this  genus,  with  Kutorga's  Jorithopics  and  OrthopfiS^ 
to  Fischer's  Mirosaurus,  The  author  regarded  Mecosaurus  as 
truly  Labyrinthodont;  whilst  the  Permian  forms  constituting 
Kutorga's  genus  he  referred   to  the  Theriodont  order.      From 
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the  same  locality  as  the  above,  Kutorga  describes  Syodon  hiar- 
t/iicum  as  probably  a  Pachyderm.  Its  teeth  resemble  those  of 
Cynodraco.  Eichwald's  JJeuteroBaurus  biarmicus  is  founded 
upon  the  fore  part  of  both  upper  and  lower  jaws  of  a  reptile,  con- 
taininc^  teeth  with  denticulate  or  crenulate  trenchant  borders,  the 
canines  being  large,  especially  in  the  upper  jaw.  DetUerosaurus 
closely  resembles  Cynodraco^  and  still  more  the  Lycoaaurus  of 
the  Karoo  beds  of  the  Sneewberg  range.  All  the  above  are  from 
the  Permiati  beds  of  the  Ural ;  and  the  author  regards  them  as 
furnishing  suggestive  evidence  of  the  Palaeozoic  age  of  the  Karoo 
series,  in  which  the  Theriodont  reptiles  are  best  represented. 

The  author  further  notices  a  Theriodont  allied  to  JLycosaurus^ 
from  a  red  sandstone,  probably  of  Permian  [Triassic?]  age,  in 
PMnce-Edward  Island.  The  remains  include  the  left  maxillary,  pre- 
maxillary,  and  nasal  bones ;  the  teeth,  implanted  in  distinct  sock- 
ets, have  subcompressed,  recurved,  conical,  pointed  crowns,  with 
minutely  crenulated  borders.  The  foremost  tooth  in  the  maxillary 
is  a  canine ;  and  in  other  points  the  dentition  shows  Theriodont 
characters  This  fossil  has  been  described  by  Dr.  Leidy  under  the 
name  of  Bathygnathics  borealis.  Thus,  supposing  the  affinities 
of  the  fossils  from  the  Ural  and  Prince-Edward  Island  to  be  cor- 
rectly determined,  the  Reptilia  distinguished  by  Mammalian  char- 
acters are  shown  to  have  had  a  very  wide  range.  Further,  the 
author  thinks  that  the  Theriodont  reptiles  of  the  Bristol  dolomitic 
conglomerate  may  also  prove  to  constitute  a  family  in  the  Therio- 
dont order. — jB-oo.  GeoL  Soc,  in  Ann,  Mag,  Nat  J^isL,  Aug.,  1876. 

1 1.  Siluriafi  dioryte^  chlorite  slate  and  8erpenti?ie  in  Newfound' 
land. — Mr.  Howley's  labors  in  Newfoundland  during  1874  were, 
in  accordance  with  Mr.  Murray's  plans,  given  to  the  survey,  topo- 
graphical and  geological,  of  the  western  coast,  about  the  penin- 
sula and  bay  of  Port-a-Port,  and  St.  George's  Bay.  In  tracing 
the  Lower  Silurian  formations  of  the  Newfoundland  coast,  Mr. 
Murray  and  his  colleagues  have  been  able  to  identify  them  with 
more  or  less  precision  as  equivalents  of  the  Quebec  and  Birdseye 
and  Black  River  groups  of  Canada.  But  in  the  course  of  their 
surveys  they  have  at  different  times  encountered  intercalated 
sheets  of  mctamorphic  rocks  in  the  Lower  Silurian  series,  overlying' 
unaltered  and  fossiliferous  strata.  Thus,  at  Bonne  Bay,  in  1862, 
Mr.  Richardson  found  highly  metamorphosed  rocks,  including 
white  talcose  slates  and  serpentine,  in  some  portion  apparently  of 
the  Quebec  group.  Four  years  afterward  Mr.  Murray  observed, 
farther  south,  in  the  Bay  of  Islands,  that  sandstones  believed  to 
represent  the  Sillery  zone  of  the  Quebec  group  passed  below  the 
serpentine  of  the  Blowmedown  Mountains.  Mr.  Howley  has  now 
confirmed  and  extended  these  observations  by  mapping  the  coun- 
try between  the  Bay  of  Islands  and  St.  George's  Bay.  He  has 
traced  Mr.  Murray'*  serpentine  rocks  southward  to  Bluff  Head, 
and  finds  that  they  pass  unconformably  over  different  horizons  of 
rocks  which  are  taken  to  represent  the  Sillerv  and  Levis  subdivi- 
sioQA  of  the  Quebec  group  of  the  Lower  Silurian  system.     The 
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striking  character  of  this  uuconformable  junction  is  well  brought 
out  upon  the  map,  where  two  large  cakes  of  the  overlying  rocks 
are  seen  to  sweep  over  both  anticlinal  and  synclinal  folds  of 
the  lower  formations.  These  cakes  consist  of  brecciated  dolomite 
or  limestone,  chlorite-slate,  dioryte  and  serpentine,  having  a  total 
thickness  of  perhaps  1,500  feet.  Their  exact  geological  horizon 
seems  not  yet  quite  satisfactorily  fixed,  but  they  are  placed  pro- 
visionally between  the  Sillery  and  Birdseye  and  black  River  for- 
mations. Doubtless  further  details  will  be  given  in  future  reports 
regarding  this  remarkable  feature  of  Newfoundland  geology,  and 
till  they  appear,  it  may  be  well  to  avoid  any  discussion  of  the 
theoretical  aspect  of  the  subject.  It  is  not  the  first  time  that  an 
instance  has  occurred  of  the  higher  rocks  of  a  district  being  more 
metamorphosed  than  the  lower,  but  there  has  probably  never  been 
observed  so  remarkable  a  case,  for  here  the  metamorphosed  and 
contorted  series  is  described  as  actually  overlying  unmetamoi^ 
phosed  strata. — Notice  of  the  Report  on  the  Geological  Survey  of 
Newfoundland  for  1874,  in  Nature  of  July  20. 

12.  Oldhamia  in  Wiscofisin. — In  a  letter  to  one  of  the  editors 
of  this  Journal  from  Mr.  J.  W.  Porter,  dated  Eau  Claire,  Wiscon- 
sin, June  12th,  the  writer  states  that  he  has  found  the  Oldhamia 
radiata  abundantlv  and  very  perfect  in  the  vicinity  of  Eau  Claire. 
In  the  bluff  around  this  place  there  is  a  large  exposure  of  Potsdam 
sandstone,  quite  fossiliferous,  with  numerous  Tnlobite  impressions 
of  several  species,  Pteropods  and  LingulsB,  besides  Fucoidal  im- 
pressions and  wave  marks.  With  the  Oldhamia  radiata  occurs 
Scolithus  li7iearis,  and  neither  of  them  seems  to  extend  as  high  as 
to  the  beginning  of  tlie  other  forms,  or  to  the  bottom  of  the  sand- 
stone exposures. 

13.  Beef-building  corals  in  the  Tasmanian  Tertiary. — Professor 
P.  Martin  Duncan  has  described  the  new  reef-building  species 
Htliastrcea  Tasmaniensis,  Thamnastrcea  sera  and  another  species 
of  Thamnastraea,  from  Cape  Howe,  Tasmania,  16°  of  latitude  south 
of  the  present  southern  limit  of  the  coral-reef  seas  in  that  part  of 
the  ocean, 

14.  Carho)dferoH8  Pulrnonates,  (From  a  letter  to  the  editors, 
dated  Montreal,  July  24,  1876.) — In  a  recent  visit  to  the  South 
Joggiijs,  ill  which  I  was  assisted  by  Albert  I.  Hill,  Jr.,  of  the 
Cumberland  Coal  Mine,  we  succeeded  in  tracing  Pupa  vetusta  to 
a  higher  level  in  the  Coal  formation  than  previously.  A  number 
of  specimens  were  found  in  the  material  filling  an  erect  Sigillaria 
in  group  XXV^I  of  my  section  of  the  South  Joggins,  the  same 
group  in  which  Marsh's  Eosaurue  was  found,  and  which  has  also 
afforded  reptilian  footprints.  The  bed  is  222  feet  above  the  main 
coal  seam,  842  feet  above  the  bed  in  which  this  shell  was  first 
discovered  by  Sir  C.  Lyell  and  myself,  and  about  2,000  feet  above 
the  lowest  bed  in  which  I  have  as  yet  found  specimens.  It  thus 
appears  that  this  little  pulmonate  continued  to  flourish  in  the 
Cfarboniferous  swamps  after  its  ancestors  had  been  buried  by  2,000 
feet  of  sediment,  including  many  beds  of  ooal  and  nearly  the 
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whole  thickness  of  the  productive  Coal-measures.     Its  companion 

J>almonate,  Conulus  priscuSy  has  as  yet  been  fonnd  only  m  the 
owest  of  the  beds  above  referred  to. 

We  were  so  fortunate  as  to  discover,  on  the  same  expedition, 
another  large  Sigillaria  stump,  stored  with  reptilian  bones ;  which 
it  is  hoped  may  afford  some  interesting  aaditions  to  the  land 
fauna  of  the  Coal  period.  j.  w.  dawson. 

16.  Brachiopods  of  the  Swedish  Paradoxides  beds  of  Sweden. — 
M.  Linnarsson  enumerates  and  describes  the  following  Swedish 
Brachiopods  (Swedish  Acad.  Sci.,  May  12,  1875):  Orthis  Lind- 
strotni  Linnarsson,  0.  exporrecta  Linn.,  0.  SicKsi  Salt,  Lingu- 

kUa  (?)  Nathorstiy   Oholus ?  AcrotreJUi  socialis  v.  Seebach, 

OboleUa  sagittalis  Salt.,  Acrothele  (n.  g.)  coriacea  Linn.,  A.  gran- 
ttlata^  Kutorgbia  cingulata  Bill.  var.  pusilla^  Iphidea  omateUa 
Linn. 

The  Paradoxides  and  lower  beds  of  Great  Britain  have  thus 
far  afforded  only  lAnguleUa  ferruginea  Salt.,  L,  prifuceva  Hicks, 
Discina  pileolua  Hicks,  OboleUa  sagittalis  Salt.,  0,  maculata  Hicks, 
Orthis  Hicksi  Salt.,  with  perhaps  Kutorgina  cingukUa  Bill. 

Including  all  known  species,  the  number  of  species  is  small  com- 
pared with  that  of  the  trilobites,  the  ratio  being  29  to  150  of  the 
latter.  In  general  the  Paradoxides  beds  are  characterized  by 
the  most  of  their  Brachiopoda  having  a  corneous  shell.  The  ge- 
neric types  Kutorgina^  Acrothele  and  Iphidea  have  not  been  found 
in  later  beds. 

16.  Geological  Survey  of  Brazil. — A  recent  letter  to  Prof.  T. 
B.  Comstock  from  Prof  C.  F.  Hartt,  head  of  the  Geological  Sur- 
vey of  Brazil,  states  that  he  is  preparing  to  send  one  division  of 
his  corps,  probably  under  the  direction  of  Mr.  O.  A.  Derby,  to 
make  a  careful  examination  of  the  Amazonian  Country,  and  to  con- 
nect the  explorations  of  this  region  with  those  now  in  progress  to 
the  southward,  in  the  interior  of  Brazil,  and  along  the  coast. 

1 7 .  Geological  Map  of  Illinois. — The  geological  map  of  Illinois, 
announced  as  nearly  ready  by  Mr.  Worthen  in  the  last  (sixth) 
volume  of  his  Geological  Report,  has  been  published.  It  is  of 
large  size  and  well  colored. 

18.  Beport  on  the  Chemical^  Mineralogical  and  Microscopical 
Cfiara^'ters  of  the  Lavas  of  Vesuvius^  from  1631  to  1868;  by 
Rev.  Samuel  Haughton,  of  Trinity  College,  Dublin,  and  Edwabd 
Hull,  Director  of  the  Geological  Survey  of  Ireland.  164  pp.  4to. 
1876.  Art.  in  of  vol.  xxvi,  of  Trans.  R.  Irish  Acad.,  Dublin, — 
In  this  elaborate  memoir  the  chemical  and  mineralogical  part  is 
by  Dr.  Haughton,  aided  in  the  chemical  analyses  by  Mr.  Whl 
Early,  and  the  microscopical,  by  Mr.  Hull.  The  minerals  found 
by  the  latter  to  be  present  in  all  the  lavas,  are  leucite,  anorthite, 
aagite,  magnetite  and  nephelite ;  in  many  of  them,  traces  of  soda- 
lite,  olivine,  hornblende  and  mica ;  in  several,  sanidine,  but  this 
is  rarely  a  prominent  constituent;  in  a  few,  a, little  apatite.  In 
the  discussion  of  the  chemical  results  with  reference  to  the  pro- 
portions of  these  mineral  constituents.  Dr.  Haughton,  by  a  simple 
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mathematical  method,  obtains  the  maximum  and  minimum  of  the 
amount  possible  for  each  constituent  The  probable  proportions 
of  some  of  the  constituents  are  then  deduced  from  their  relations 
in  composition,  and  a  mean  possible  value  obtained  for  the  rest. 
A  comparison  of  the  chemical  composition  of  these  minerals  with 
the  chemical  composition  of  the  lava,  gives  by  subtraction,  the 
chemical  composition  of  the  paste.  The  amount  of  paste  is  arrived 
at  through  the  assumption  that  "  of  the  tmmerotia  possible  aolu- 
tions^  that  wiU  he  the  occurring  one  in  Nature  which  involves  the 
largest  amount  of  definite  minerals  and  the  least  amount  of  in- 
definite paste.  C'alculating  from  this  basis,  he  arrives  at  the  com- 
positions of  twenty  Vesuvian  lavas  ejected  at  different  times  from 
1631  to  1868,  of  which  the  following  are  examples: 

Ot»Tli».       OraaaUllo.      DcIU  Seal*.    C.  d«  S.VIto.    C.  d«  Salratora.    The  Atrio.    T.d.Or*ee. 

1631.    1631.    1631.    1767.    1834.    1855.    1861. 
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The  ingredients  of  the  paste,  as  deduced  by  the  method  adopted, 
are  silica,  lime  and  protoxide  of  iron,  and  the  mean  composition, 
according  to  Dr.  Haughton,  corresponds  to  the  formula  2R0, 
SiOg,  "  which  represents  a  very  fusible  basic  glass,  of  a  brownish 
color  from  the  large  quantity  of  iron  protoxide."  The  order  of 
formation  of  the  minerals,  according  to  Dr.  Haughton's  views,  is 
first  the  potash  and  soda  minerals,  leucite  and  nephelite  or  soda- 
lite  ;  then  the  magnesia  mineral,  augite ;  and  lastly  magnetite  and 
anorthite. 

The  analysis  of  the  Vesuvian  augite  which  is  taken  for  the  cal- 
culations is  that  of  Wedding,  of  augite  from  a  lava  of  1631,  giving 
only  4*54  p.  c.  of  protoxide  of  iron;  the  analysis  of  Rammelsberg, 
of  the  augite  from  a  Vesuvian  lava  of  1858,  gave  9*08  FeO.  The 
constituent  augite— one  of  the  four  always  present — is  hence  one 
source  of  uncertainty  in  such  calculations,  for  the  maximum  de- 
duced (the  amount  usually  taken  by  Dr.  Haughton  in  his  final 
results)  will  differ  widely  in  the  two  cases.  Further,  the  CaO  not 
used  by  augite  belongs  to  anorthite,  and  therefore  the  proportion 
of  anorthite  would  also  be  different.  There  is,  hence,  reason  to 
suspect  that  the  calculated  percentage  of  anorthite  in  several  of 
the  tabulated  results  is  below  the  actual  amount  present  in  the 
lavas. 
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1 9.  On  the  cryBtaUographic  relations  of  the  three  types  of  Chon- 
drodite  {Mumite).—  'M,  DesCloizeaux  in  a  recent  letter,  dated 
Paris,  July  Ist,  1876,  gives  the  results  of  his  researches  in  regard 
to  the  optical  characters  of  chondrodite.  These  results  are  of 
especial  interest  as  proving  for  the  Swedish  chondrodite,  and  the 
Vesuvian  humite  what  has  been  shown  by  the  writer  to  be  true 
of  the  chondrodite  from  Brewster,  N.  Y., — that  the  second  and 
third  types  are  raonoclinic,  not  orthorhombic. 

The  principle  conclusions  of  M.  DesCloizeaux  are,  as  follows. 

The  three  types  of  humite,  described  by  Scacchi,  constitute  three 
different  species,  closely  related  to  each  other  in  regard  to  form. 
The  crystallographical  and  optical  characters  of  the  types  are  the 
following :  Type  I,  humite  irom  Vesuvius.  Orthorhombic.  Fun- 
damental angles,  as  measured,  *.l  A6*(i>e*=001/s201)=103°  47', 
^^i2(pa»z=001/s013)=124°  16'.  The  plane  r^  is  made  the  fun- 
damental pyramid  with  ^l/sr»(/>ft*=001  /slll)=101°  39',  and  o* 
is  made  the  unit  prism,  ^Ao2(l00y\110)=114°  60'.  Plane  of 
the  optic  axes  parallel  to  the  base,  with  the  acute  bisectrix  paral- 
lel to  the  shorter  diagonal  of  the  base.  Dispersion  weak,  perhaps 
p<v  ;   2H^r  (red  rays)  =78**  18'-  79^ 

Type  II,  chondrodite  from  Sweden.  Monoclinic.  Fundamental 
angles  .l>se2(/)A=r001/\100)=108°  58';  ^  ^ ?(/>€*=00 1^011) z= 
122°  29';  6'/Nn2'(^iA3=ai0/s210)=186°  41'.     The  planes  r«  and 

r^  are  made  the  unit  pyramids ;  A/^r^{pd^=iOO\  yy,lll)=\25°  50', 

and  Ay^r^{pb^=OOiy^Ui)=iUS°  28'.  Plane  of  the  optic  axes 
inclined  to  the  front  edge,  and  making  an  angle  of  about  30°  with 
the  base.  The  crystals,  mostly  twins,  composed  of  hemitropic 
bands  parallel  to  the  base ;  two  collections  of  these  bands  were 
observed  in  one  crystal  united  by  an  irregular  line  not  referable 
to  any  plane  on  the  crystal.  The  number  of  these  twinning 
bands  varies  with  every  specimen  examined.  Apparent  axial 
angle  (in  oil),  red  rays,  86°  27',  blue,  86°  38'.  Bisectrix  positive, 
normal  to  the  plane  of  symmetry.  Dispersion  also  crossed  (tour- 
nante).  In  several  other  crystals  the  axial  angle  was  found  to 
vary  from  86°  14'  to  87°  20'. 

Typ^  IIL  Humite,  color  pale  yellow,  from  Mt.  Somma.  Mon- 
oclinic. Fundamental  angles ;  ^l/sc*(jt)A'=001/slOO)=100°  48'; 
^/vi«(/>e>=00lA011=125°  13');  C/s,r^y^m=zQlO^UO)z^l6i'' 
48'.     The  planes  r*  and  r*  are  taken  as  the  unit  pyramids:  -4a^*. 

(/>€r*=001yslll)=I25°  47',  /l^vr«^z=001  Alll)=n»°  IV'.  Plane 
of  the  optic  axes  inclined  to  the  front  edge  and  making  an  angle 
of  about  11°  with  the  base.  Dispersion  of  the  axes  feeble  fj<v. 
Dispersion  also  crossed,  scarcely  appreciable.  Bisectrix  positive, 
normal  to  the  plane  of  symmetry.  Axial  angle  (in  oil),  red  rays, 
84°  38'-86°  4'.      The  white   crystals,   which   are  in   appearance 

*  The  letters  given  are  those  of  Scacchi,  the  symbols  which  follow  are  thoBe  of 
DesCloizeaux,  in  his  own  and  in  Miller's  method  of  notation. 
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simple,  are  mostly  complex,  being  composed  of  parallel  hemitropic 
bands.  A  yellow  crystal,  on  the  other  hand,  cut  parallel  to  the 
plane  of  symmetry,  showed  a  method  of  twinning  analogous  to 
that  observed  by  Scacchi ;  it  was  composed  of  five  individuals. 

M.  DesCloizeaux  has  also  made  an  important  observation  tend- 
ing to  explain  the  well  known  variation  in  the  composition  of  the 
three  types.  A  small  crystal,  apparently  of  the  first  type,  sliced, 
and  examined  optically,  showed  that  it  was  penetrated  irregularly 
by  a  crystal  of  the  third  type.  M.  Des  Cloizeaux  concludes  from 
this  that  the  former  analyses  cannot  be  considered  reliable,  and 
that  the  true  composition  can  be  obtained  only  from  crystals 
which  have  previously  been  subjected  to  an  optical  examination. 
The  second  type  seems  to  be  the  most  homogeneous,  and  the  one 
whose  composition  has  been  most  certainly  determined. 

For  the  sake  of  comparison  the  results  obtained  by  the  writer 
from  an  optical  examination  of  the  chondrodite  from  Brewster, 
N.  Y.  (this  Jour.,  Ill,  x,  89,  Aug.,  1875,  and  xi,  201,  Feb.,  1876) 
are  here  cited.  It  will  be  seen  that  those  since  obtained  by  Des 
Cloizeaux  for  the  chondrodite  of  Sweden  and  humite  of  Vesuvius, 
agree  ve^  closely  with  them. 

Type  n,  monoclinic ;  angle  made  by  plane  of  optic  axes  with 
the  base  26**  50'  (about  30  ,  DesCloizeaux).  Bisectrix  positive, 
normal  to  the  plane  of  symmetry,  2Har  (red  rays)  =88®  48^(86'  14' 
-87°  20',  DesCloizeax). 

Type  III,  monoclinic ;  angle  made  by  the  plane  of  the  optic 
axes  with  the  base  about  7^°  (11**  DesCloizeaux,  humite). 

The  measured  angles  upon  the  Brewster  crystals,  as  was  stated, 
were  inconclusive  except  as  proving  that  the  obliquity  did  not 
exceed  a  very  few  minutes.  How  small  the  variation  from  the 
rectangular  form  is  for  crystals  of  the  second  type,  as  given  by 
DesCloizeaux,  may  be  judged  from  the  following  pairs  of  angles: 
^/ve«=109°  5',  ^/^62'=108^  58  ;  ^/^r3=113*  28',  A^^r^'ziz 
113**  25',  etc.;  if  the  crystals  were  orthorhombic,  as  has  been 
assumed,  the  planes  e^  and  e^'  would  be  identical,  and  the  angles 
on  the  base  A  would  be  the  same ;  so  also  for  r*  and  r'*.  In  the 
third  type  DesCloizeaux  makes  the  monoclinic  variation  from  the 
rectangular  form  about  two  minutes.  Some  additional  crystals  of 
the  second  type  of  chondrodite  recently  obtained  from  Brewster, 
N.  .Y.,  offer  an  opportunity  to  test  by  accurate  measurement  the 
amount  of  the  obliquity  for  the  species,  which  the  writer  will  not 
fail  to  avail  himself  of  at  an  early  date.  e.  s.  dan  a. 

20.  Die  MinercUiefi  Badena  nach  ihrem  Vorkonimen^  von  Gus- 
TAV  Leonhabd.  3d  ed.  66  pp.  8vo.  Stuttgart,  1876. — The  Grand 
Duchy  of  Baden  is  remarkable  for  the  variety  and  abundance  of 
the  minerals  which  it  affords.  This  is  explained,  as  remarked  by 
Prof.  Leonhard,  by  the  wide  range  of  rocks  found  in  the  country, 
embracing  not  only  the  older  crystalline  rocks  with  their  many 
metallic  veins,  but  also  a  large  variety  of  igneous  rocks,  of  which 
those  of  the  Kaiserstubl  are  especially  rich  in  minerals,  and  also 
a  considerable  series  of  sedimentary  rocks.     The  descriptions  of 
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the  individual  minerals  by  Prof.  Leonhard  are  concise  and  yet  com- 
plete, and  doubtless  the  work  will  prove  highly  valuable  to  those 
who  have  occasion  to  use  it.  e.  s.  d. 

21.  Studien  Uber  Mineral-Pseudomorphosen.  JnaugurcU-DU- 
sertcUion  von  F.  E.  Gkinitz.  56  pp.  8vo.  Stuttgart,  1870. — Dr. 
Geinitz  has  subjected  a  large  number  of  pseudomorphs  to  a  careftil 
study,  particularly  by  means  of  the  microscope,  and  the  results  of 
his  work  will  be  rea5  with  interest.  The  pamphlet  is  illustrated 
by  a  plate  with  a  series  of  figures. 

22.  New  Minerals. — Prof.  C.  U.  Shepard  has  named  and  par- 
tially described  the  following  new  species : 

Vani^emite,  Occurs  in  small  irre^lar  patches  scattered 
through  a  firm  ochery  aggregate,  proceeding  from  the  decomposi- 
tion of  several  zinc  ores.  Massive,  impalpable,  with  an  even  or 
conchoidal  fracture.  Color  white,  dull.  H.=2*5-3,  G.=2'6. 
Does  not  adhere  to  the  tongue,  but  emits  a  feeble  clayey  odor  on 
being  breathed  upon.  B.  B.  fuses  readily  to  an  opaque  enamel 
Composition  SiO,  36-64,  AIO3  11-70,  ZnO  32-48-36,  H^O  14-80 
— 19-88z=99-70.     Locality,  Sterling  Hill,  N.  J. 

ITeatingine.  Considered  "  probably  a  new  species."  Closely 
resembles  fowlerite  in  crystalline  structure,  but  angles  obtained  on 
cleavage  prisms  64°  and  116°.  Does  not  lose  luster  on  weather- 
ing. H.z=4'5  — 5,  G.=3-33.  B.  B.  fuses  to  a  reddish  semi-trans- 
parent glass.  Composition  SiO«  47-8,  MnO  27-7,  ZnO  6-6,  CaO 
180,  HgO  0-S=99-9.  Locality,  Franklin,  N.  J.,  where  it  was  found 
in  a  mass  of  yellow  garnet. 

Calcozincite.  Massive,  fine-granular ;  interpenetrated  with  fibres 
of  asbestus  and  sussexite.  Luster  vitreous.  Color  light  orange- 
red.  Streak  lemon-yellow.  Translucent.  H.z=3-6,  G.=3-95. 
Effervesces  slightly  with  acid.  B.  B.  blackens.  Composition 
ZuO  81-00,  CaO  7-56,  CO^  6-80,  H^O  4-26,  MnO  tr=98-62. 

JSuchlorite.  Massive,  in  coarse  elongated  scales.  Color  light 
olive-green.  Powder  pale  green.  Luster  subpearly.  H. =2-6—3, 
G.=:2'71.  B.  B.  fuses  with  difficulty  on  thin  edges  to  a  greenish- 
gray  enamel.  Decomposed  by  sulphuric  acid.  Composition  SiOg 
36-51 -38-46,  AlO.  680,  FeO  16-62,  (MgO  38-07),  H^O  610,  100. 
Locality,  Chester,  Mass.,  where  it  occurs  in  a  layer  on  both  sides 
of  an  extensive  vein  of  albite. 

PeUiamine.  Forms  irregular  seams  and  masses  sometimes  a 
foot  thick  at  the  asbestus  mine  at  Pelham,  Mass.  Resembles  a 
black  serpentine  closely.  Almost  without  luster.  Powder  dark 
greenish-gray.  H.=6-0,  G.=i2-9— 3'2.  B.  B.  infusible.  Compo- 
sition SiOj  38-40,  AlOg  2-80,  FeO  16-62,  (MgO  39*88),  H^O  3-40 
=100. 

Prof.  Shepard  has  also  published  a  catalogue  (8  pp.)  of  the 
minerals  found  within  seventy-five  miles  of  Amherst  College^ 
Mass.  E.  s.  D. 
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III.   Botany  and  Zoology. 

1.  T?ie  Structure  and  Movements  of  the  Leaves  of  Diona^ 
muscipula  ;  by  Casihir  De  Candolle. — A  neat  paper,  separately 
issued  from  the  Geneva  Archives  des  Sciences  Phys.  et  Naf,^  April, 
1876,  illustrated  by  two  plates  of  anatomical  details.  One  note- 
worthy suggestion — which  has  already  been  made  here, — is  that 
the  sudden  change  of  electrical  current  at  the  closing  of  the  trap, 
ascertained  by  Burdon  Sanderson  (and  much  insisted  on,  on  account 
of  its  accordance  with  what  takes  place  in  muscular  motion),  may 
have  had  its  importance  much  overrated.  The  electro-capillary 
currents,  which  Becquerel  long  ago  demonstrated  in  vegetable 
tissues  generally,  would  almost  necessarily  be  influenced  in  some 
such  way  by  the  displacements  of  liquid  which  would  accompany 
any  such  abrupt  change  in  the  turgescence  of  the  parenchyma. 
In  some  experiments  made  three  years  ago  by  Professor  Irow- 
bridge,  of  Harvard  University  (which,  unfortunately,  were  not 
followed  up),  it  was  found  that  the  strong  bending  of  an  intemode 
of  stem,  without  lesion,  produced  a  similar  electrical  effect. 

M.  Casimir  De  Candolle  fairly  deduces  from  his  experiments 
the  conclusion  that  animal  matter  is  not  necessary  to  the  develop- 
ment and  vigor  of  Dioncea.  He  goes  on  to  the  conclusion  that 
the  animal  matter  of  the  insects  caught  is  not  directly  utilized 
by  the  leaves.  This  does  not  follow.  Very  much  evidence 
would  be  required  to  rebut  the  presumption  that  the  organic 
matters  absorbed  are  somehow  (and  even  directly)  utilized  by 
the  plant. 

The  independent  movement  of  the  border  of  the  trap  with  its 
fringe  of  bristles  is  explained  by  the  anatomical  structure,  which 
is,  as  it  were,  distinct  from  that  of  the  main  body.  The  glands  are 
stated  to  belong  to  the  epidermis  only ;  but  the  excitable  bristles 
are  connected  by  the  cellular  bulb  with  the  subjacent  parenchyma, 
so  that  impressions  upon  the  former  may  readily  be  transmitted 
to  the  latter.  The  closing  of  the  trap  results  from  the  compara- 
tively permanent  elastic  tension  of  the  largely  fibrous  external  part 
of  the  leaf  It  opens  by  counter-action  of  the  parenchyma 
of  the  upper  or  inner  side,  through  turgescence;  the  closing 
results  from  the  sudden  diminution  of  the  turgescence,  in  some 
unexplained  way.  In  other  words,  the  trap  is  held  open,  and  at 
the  proper  moment  is  let  go.  a.  g. 

2.  Diatoms  in  Wheat-straw, — The  article  by  Professor  P.  B. 
Wilson,  in  this  Journal,  for  May  last,  is  referred  to  in  Trimen's 
Journal  of  Botany  for  July,  with  the  remark  that  the  asserted 
discovery  "  is  not  very  likely  to  meet  with  acceptance  among 
botanists."  The  real  nature  of  the  siliceous  molds  or  casts  which 
Professor  Wilson  took  for  diatoms  must  have  suggested  itself  to 
those  familiar  with  such  matters,  and  would  have  been  indicated 
to  the  author  of  the  communication  if  this  had  happened  to  receive 
attention  before  insertion.  4l.  g. 
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3.  An  Intoodcating  Grass. — Besides  the  "Dronk"  grass,  L  e., 
Drunk  Grass,  of  the  Dutch  Colonists  in  S.  Africa,  of  which  we 
mentioned  Dr.  Shaw's  account  a  year  or  two  ago,  it  now  appears 
that  there  is  in  Mongolia  another  grass  with  a  corresponding 
native  name  and  similar  properties.  The  account  of  it  is  given  by 
Dr.  Hance,  in  the  July  number  of  Trimen's  Journal  of  Botany, 
from  specimens  and  information  supplied  by  Dr.  Bretschncider,  of 
the  Russian  legation  at  Peking.  It  proves  to  be  a  new  species  of 
Stipay  brought  from  the  Alachan  mountains  by  a  Roman  Catholic 
Missionary,  whose  horses  were  disabled  by  its  inebriating  proper- 
ties. The  wandering  Mongols  of  the  region  are  familiar  with  this 
grass,  and  use  vinegar  as  an  antidote.  a.  g. 

4.  Priniitim  MonographuB  Rosanim. — The  third  fascicle  of 
this  interesting  essay  by  M.  Cb&pin  has  come  to  hand.  It  deals 
with  Asiatic  Koses,  and  throws  much  light  upon  them.  Our 
Cherokee  Rose  is  recognized  as  of  Chino-Japanese  origin  ;  but  he 
proposes — apparently  with  reason — to  retain  Michaux's  name  of 
Hosa  kevigata^  on  the  ground  that  this  cannot  have  been  the 
original  H.  Sinica,  If  not,  the  name  H,  Icevigata  has  priority. 
JR.  acicularis  of  Siberia  is  recognized  as  a  N.  American  species  of 
high  northern  regions ;  where  also  R.  Davurica  and  R.  amhlyotis 
(one  or  both)  also  appear  to  occur.  A  classification  of  the  Cin- 
uamonecB  Roses  is  given ;  in  which  R.  alpina  and  R.  hlanda 
belong  to  the  series  i^ubinermes  ;  R.  striata  and  R.  acicularis  to 
the  Aciculares  ;  R.  Woodsii^  R.  Californica^  R.  laxa^  R.  cinna- 
monea^  and  R.  amblyotis^  to  the  J)iacanthe€e.  a.  g. 

5.  Does  the  Age  of  a  tree  influence  the  time  of  Leafing?—  Every 
one  knows  that  very  young  trees  in  a  nursery  are  apt  to  come 
rather  earlier  into  leaf  than  full-grown  trees  of  the  species.  But 
this  is  explained  by  the  nearness  to  the  ground  and  consequent 
higher  temperature.  The  comparison  should  be  made  between  the 
oldest  available  trees  and  other  well-developed  trees  of  moderate 
age.  M.  Alph.  De  CandoUe  caused  observations  of  this  kind  to 
be  made  in  two  old  botanic  gardens,  viz :  those  of  Paris  and  of 
Pisa ;  and  the  results  were  negative, — in  the  Paris  cases  no  differ- 
ence ;  in  the  Pisa  cases,  an  old  Gingko  and  an  old  Walnut  tree 
leafed  earlier  than  young  trees  of  the  species,  while  the  old  tree  of 
Horse-chestnut,  Sophora^  Linden,  and  JPawlotonia  were  later  than 
the  young  trees.  A  very  full  series  of  cases,  of  different  species, 
would  be  needed  for  the  elimination  of  individual  peculiarities, 
often  great  in  this  respect.  But  M.  De  Candolle  is  aole  to  refer 
to  better  data,  viz:  to  one  case  in  which  the  date  of  coming  into 
leaf  of  a  Horse-chestnut  tree,  has  been  carefully  recorded  for  sixty- 
eight  years,  and  another  for  fifty-seven  years ;  both  at  Geneva. 
Of  course  any  differences  due  to  age  would  be  small  in  comparison 
with  those  due  to  climate,  yet  they  might  be  expected  to  be 
sensible  in  the  long  series  of  years,  if  age  really  made  any  differ- 
ence. But  the  figures  do  not  bring  to  view  any  tendency  to 
either  earlier  or  later  leafing  with  the  advance  of  years.  M.  De 
CandoUe's  notice  is  in  the  Archives  des  JSciences  de  la  Bibl.  Vni- 
verselky  June,  1876.  a.  g. 
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6.  Practical  Botany y  Structural  and  Systematic /  t?ie  latterpor- 
tion  being  An  Analytical  Key  to  the  wild  Flowering  PlantSy  Trees^ 
Shrubs^  ordinary  Herbs^  Sedges  and  Ghasses  of  the  Northern  and 
Middle  United  States^  east  of  the  Mississippi  \  by  August 
KoBHLKR,  M.D.,  Profeesor  of  Botany  in  the  College  of  JPharmacy 
cf  the  city  of  New  York.  400  pp.,  1 2mo,  copiously  illustrated. 
Kew  York  1876.  Henry  Holt  &  Co. — The  structural  portion 
of  the  work  occupies  ninety-three  pages,  and  is  apparently  very 
well  worked  up.  A  glossary  of  eighteen  pages  follows.  The 
remainder  of  the  volume  is  a  key,  which — ignonng  classes,  orders, 
and  the  like,  and  little  mindful  of  the  integrity  of  genera — leads 
directly  to  genus  and  to  species  when  these  are  given,  and  is 
intended  to  serve  the  purpose  of  a  flora  or  manual.  It  is  on  the 
dichotomal  mode ;  the  first  couplet  distinguishes  Phcenogams  from 
Cryptogams  ;  the  former  are  at  once  divided  into  those  which 
have  flowers  inclosed  in  an  involucre,  and  those  which  have  not ; 
to  the  former  only  Composite  are  referred — one  sees  not  why. 
Those  without  an  involucre  to  several  flowers  divide  next  into 
perfect  and  diclinous  flowers  (which  is  a  very  variable  matter), 
and  so  on.  A  lady  botanist  of  advancing  years,  who  was  brought 
up  under  the  Linnaean  system,  used  to  boast  that  she  could  find 
out  the  name  of  a  plant  by  that  in  half  the  time  required  to  do  it 
through  the  natural  system  of  classification.  We  could  not  gain- 
say the  fact,  and  it  would  have  been  hardly  polite  to  tell  her  that 
she  knew  little  more  of  botany  after  the  operation  than  before. 
The  Linnsean  system,  however,  is,  if  we  mistake  not,  a  better,  and 
perhaps  a  surer  one  than  the  present  substitute.  a.  g. 

7.  Flora  of  Southwestern  Colorado ;  by  T.  S.  Brandkgee. 
Reprinted  from  Hayden's  Bulletin  of  the  Geological  and  Geograph- 
ical Survey  of  the  Territories,  vol.  ii,  no.  3. — A  small  pamphlet, 
containing  an  excellent  contribution  to  our  Botany.  In  six  pages 
the  character  of  the  country  and  its  vegetation  along  the  San 
Juan,  the  Mesa  Verde,  and  the  sub-alpine  neighboring  higher  re- 
gions, is  succinctly  and  clearly  sketched,  and  the  dominant  plants 
mentioned.  "  The  Mesa  Verde,  a  plain  of  200  square  miles,  raised 
nearly  a  thousand  feet  above  the  surrounding  country,  is  a  prom- 
inent topographical  feature  of  southwestern  Colorado.  Its  surface 
is  perfectly  dry,  the  showers  from  the  La  Plata  mountains  rarely 
wetting  it  except  upon  the  northern  edge.  Juniperus  occidentalis 
covers  almost  the  whole  mesa,  and  it  is  to  the  abundance  of  this 
ungraceful  bushy  tree  that  the  name  of  the  green  mesa  is  due." 
"The  sub-alpine  Coniferce  of  the  southwestern  slope  are  mainly 
Abies  Fngelmanni  and  grandis.  These  two  species,  either  to- 
gether or  in  forests  of  one  alone,  cover  the  western  slope  down  to 
the  altitude  of  Pinus  ponderosa,  9,000  feet,  both  species  large  and 
magnificent  trees.  A.  Fngelmanni  is  the  only  conifer  found  at 
the  timber  line.  .  .  .  Abies  concolor  was  not  seen  upon  the  west- 
em  slope,  and  not  a  tree  of  A,  grandis  could  be  found  on  the  east- 
em  slope.  Pinus  ponderosa  is  abundant  at  8,000  feet  altitude, 
and  its  large  trees  will  furnish  a  great  amount  of  lumber.     P, 
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fltxUia  is  not  common ;  it  grows  at  8,500  feet,  with  P,  ponderoaa^ 
A  ties  grandis,  Menziesii^  Engdmanni  and  Douglaaii,  all  associ- 
ated at  this  altitude."  "  PintLs  edulis  is  said  to  fruit  once  in  seven 
years."  "  The  number  of  phsBnogamous  plants  growing  in  south- 
western Colorado  will  not  equal  the  900  species  that  can  be  found 
on  any  similar  area  of  the  eastern  slope.  The  impressions  received 
by  any  one  who  has  noticed  the  flora  of  the  eastern  slope,  riding 
rapidly  over  southwestern  Colorado,  below  8,000  feet  altitude,  are : 
the  great  scarcity  of  all  vegetation,  the  comparative  abundance  of 
rosaceous  shrubs  and  Artemisia  tndentata  [sage-bush],  the  great 
number  of  the  annual  species  of  Eriogonum^  tne  showy  blossoms 
of  Malvacece^  and  the  tew  species  of  Astragalus  and  Perttstenon, 
Nevertheless,  the  characters  of  four  new  Astragali  appear  in  the 
accompanying  list,  and  of  other  new  species  the  number  is  con- 
siderable. A.  o. 

8.  Danoiniana:  Essays  and  Reviews  pertaining  to  Darwin- 
ism;  by  Asa  Gray.  396  pp.  8vo.  New  York:  1876.  (D. 
Appleton  &  Co.) — The  first  two  of  the  "Essays  and  Reviews" 
here  collected  into  a  volume,  appeared  in  this  Journal  in  1860,  not 
long  after  the  publication  of  Darwin's  first  work,  on  the  Origin  of 
Species ;  and  the  others,  subsequently,  in  this  or  other  Journals  of 
the  country,  excepting  two,  which  are  here  first  published.  The 
chapters  contain  a  clear  exposition  of  the  essential  points  in  "  Dar- 
winism," and  a  discussion  of  the  bearings  of  evolution-theories  on 
Natural  Theology,  besides  also  a  full  review  of  the  researches  of 
Darwin  and  others  on  the  subjects  of  Insectivorous  and  Climbing 
plants.  The  earlier  articles  were  prepared  in  order  to  bring  before 
American  scientific  readers  the  views  set  forth  in  Darwin's  first 
work — not  to  advocate  them ;  and,  throughout  the  pages,  as  in 
all  Dr.  Gray  has  written  on  the  subject,  there  is  perfect  fairness 
to  both  sides  of  the  question.  His  extensive  acquaintance  with 
the  plants  of  the  world,  and  his  oft-repeated  perplexities — like 
those  of  other  botanists — over  the  close  relations  among  the 
species  of  some  groups,  and  the  difficulty  of  finding  limits  to  varia- 
tion, had  prepared  nis  mind  for  a  discussion  of  any  theory  that 
might  afford  light  and  aid.  His  exposition  of  Darwinism  was, 
therefore,  the  work  of  one  ready  to  appreciate  Darwin's  facts  and 
arguments,  and  ready  to  withhold  assent  if  they  were  not  satis- 
factory. In  his  paper  of  1861 — Chapter  III — he  says:  "We  are 
not  disposed  or  prepared  to  take  sides  for  or  against  the  new 
hypothesis." 

The  next  essay  in  the  series  published  in  1863,  presents  some 
classes  of  facts  connected  with  variation  among  plants,  and  indy 
cates  the  "  set  and  force  of  the  current "  toward  a  theory  of  deri- 
vation both  in  the  facts  and  in  the  author ;  and  the  following 
essay — Chapter  V— on  the  relations  of  North  American  to  North- 
east Asian  vegetation,  and  of  both  to  the  Tertiary  vegetation  of 
the  Arctic  regions,  first  brought  out  in  1872,  in  his  Address  be- 
fore the  American  Association,  is  an  argument  for  the  derivation 
of  species  from  species,  offering  many  strong  facts  in  favor  of  the 
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derivation  of  the  modern  vegetation  of  the  continents,  by  some 
method  of  variation,  from  Tertiary  species. 

At  the  same  time,  in  the  first  as  well  as  others  of  the  essays, 
and  especially  in  the  seventh  and  the  last.  Dr.  Gray  argues,  with 
the  earnestness  of  personal  faith,  against  Atheistic  evolution,  and 
in  favor  of  design,  or  a  divine  purpose,  in  and  throughout  nature. 

The  work  is  commended  to  all  readers  who  would  understand 
what  Darwinism  in  its  essential  features  is,  and  who  desire  to 
learn,  from  one  who  knows  all  sides  of  the  question,  the  relations 
of  the  subject  to  Natural  Theology.  j.  d.  d. 

9.  Note  on  Gigantic  CephalopodSy-- a  Correction,  By  A.  E. 
Verrill. — In  describing  the  large  Cephalopods  from  Newfound- 
land in  two  former  articles,*  a  serious  mistake  was  made  by  me  in 
respect  to  the  lingual  ribbon,  or  odontophore,  of  the  specimen  (No. 
6)  of  Architeuthis  mofiachus,  (See  this  Journal,  vol.  ix,  p.  128, 
PI.  iv,  fig.  6.)  The  organ  described  and  figured  as  the  odonto- 
phore proves  not  to  be  that  organ,  but  is  doubtless  a  specialized 
chitinons  portion  of  the  lining  of  the  mouth  or  pharynx,  covered 
with  sharp  chitinous  teeth  and  hard  granules.  The  precise  origi- 
nal position  of  this  armed  membrane  I  have  not  yet  been  able  to 
determine,  owing  to  the  mutilation  of  the  adjacent  parts  before 
the  specimen  came  into  my  possession,  and  my  error  was  largely 
due  to  the  mutilation,  for  the  armed  band  described  was  not  ad- 
herent except  by  a  slight  attachment  at  one  end,  and  it  occupied 
nearly  the  position  in  which  the  odontophore  should  have  been 
situated.  Nevertheless  I  was  fortunate  enough  to  find,  several 
months  after  my  papers  were  printed,  the  genuine  odontophore 
among  the  dirt  and  debris  that  had  remained  in  the  bottom  of  the 
can  in  which  the  specimen  had  originally  been  sent  from  New- 
foundland. This  odontophore  is  about  70min.  in  length,  with  the 
dentigerous  portion,  where  widest,  about  12mm.  in  width.  The 
teeth  are  in  seven  rows,  with  an  exterior  row  of  small  unarmed 
plates  on  each  side,  thus  conforming  to  the  arrangement  in  the 
other  ten-armed  cephalopods.  The  teeth  are  dee|)  amber-colored 
and  not  unlike  those  of  Loligo  and  Onimastrephes  in  form.  Those 
of  the  median  row  have  three  fangs,  the  central  one  longest ;  those 
on  the  next  row,  on  either  side,  have  two  fangs ;  while  those  of 
the  two  outer  lateral  rows  on  each  side  are  simple,  acute  and 
strongly  curved.  A  full  description  and  figures,  which  have 
hitherto  been  delayed  by  an  unusual  pressure  of  other  work,  will 
soon  be  published  in  this  Journal. 

In  this  connection  I  wish  also  to  record  the  occurrence  of  an- 
other gigantic  species  of  cephalopod  discovered  by  Mr.  W.  H. 
.  Dall,  on  the  coast  of  Alaska.  He  found  three  specimens  thrown 
upon  the  beach  in  April  and  May,  1872,  and  made  some  very  val- 
uable drawings  of  them  while  fresh  He  also  preserved  the  phar- 
ynx, beak,  odontophore,  part  of  the  "  bone,"  and  portions  of  the 
arms  of  one  of  the  specimens,  and  has  generously  placed  them  in 

*  This  Journal,  vol.  iz,  1875,  pp.  123,  177.  Also  American  Naturalist,  toL  iz, 
Jan.  and  Feb.,  1875,  pp.  21,  78. 
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my  hands  for  examination,  together  with  his  drawings,  measure- 
ments  and  notes.  The  largest  specimen  had  a  total  length  of  14 
feet,  but  the  ends  of  the  tentacular  arms  had  been  destroyed ; 
length  from  tail  to  root  of  arms,  102  inches;  to  front  edge  of  man- 
tle, 91*5  inches;  width  across  fins,  42  inches;  diameter  of  body,  18 
inches;  slender  portion  of  tentacular  arms  remaining,  61  inches; 
diameter,  2*5  inches ;  shorter  arms  (ends  and  suckers  gone),  30  to 
40  inches ;  diameter  of  eyes,  1  *25  inches ;  length  of  pen,  89  inches. 
The  eyes  were  fumishea  with  lids.  The  few  suckers  remaining 
on  some  of  the  shorter  arms  of  one  specimen  were  alternate  in  two 
rows  and  agree  with  those  of  Ommastrephes,  The  color  was 
reddish,  in  fine  red  dots  on  a  white  ground,  a  darker  stripe  on  the 
outer  median  line  of  the  arms.  Tail  acutely  pointed.  For  this 
species  Mr.  Dall  has  proposed  the  name  of  Ommastrephea  rohuatus. 
It  is  probably  a  genuine  OmmaatrepheSj  or  if  not,  it  is  at  least  an 
extremely  closely  allied  genus.  I  hope  soon  to  publish  detailed 
descriptions  and  figures  of  this  very  interesting  species,  which 
forms  part  of  the  exceedingly  valuable  collection  made  by  Mr. 
Dall  on  the  coast  of  Alaska. 

10.  Comparative  Zoology,  Structural  and  Systematic;  by  James 
Orton.  New  York:  Harper  &  Brothers.  8vo,  384  pp.  350 
wood  cuts.  1876. — In  the  preface  to  this  work  the  author  states 
that  ^'  It  is  designed  solely  as  a  manual  of  instruction.  It  is  not 
a  work  of  reference,  nor  a  treatise.  So  far  as  a  book  is  encyclo- 
pediac,  it  is  unfit  for  a  text-book.  This  is  prepared  on  the  prin- 
ciple of  *ju8t  enough  and  no  more.'  It  aims  to  present  clearly, 
and  in  a  somewhat  new  form,  the  established  facts  and  principles 
of  Zoology.  All  theoretical  and  debatable  points,  and  every  fact 
or  statement,  however  valuable,  which  is  not  absolutely  neces- 
sary to  a  clear  and  adequate  conception  of  the  leading  pnnciples, 
are  omitted." 

Probably  very  few,  if  any,  zoologists  will  admit  that  the  author 
has  succeeded  in  carrying  these  ideas  into  practice,  and  many  may 
doubt  whether,  in  some  cases,  failure  in  this  respect  may  not 
have  been  more  desirable  than  success.  To  have  excluded  all  that 
is  "debatable"  or  "theoretical"  would  certainly  have  very  much 
reduced  the  size  of  this  volume.  And  certainly  "just  enough  and 
no  more "  is  far  from  applicable  to  many  chapters.  The  book  is 
in  most  respects  not  unlike  other  similar  compilations,  and  with 
about  the  average  number  of  errors  and  inaccuracies,  many  of 
which  will  doubtless  disappear  in  a  second  edition,  but  should 
have  been  avoided  in  the  first.  More  than  half  of  the  volume  is 
devoted,  to  the  general  facts  and  principles  of  comparative  anat- 
omy and  physiology,  some  portions  being  treated  with  perhaps 
unnecessary  fullness,  while  others  of  more  general  importance  and 
interest  (e.  g.,  reproduction  and  embryology)  are  treated  with 
unnecessary  brevity  and  reserve,  due  perhaps  to  the  fact,  as  stated 
in  the  preface,  of  its  "  being  fitted  for  High  Schools  and  Mixed 
Schools  by  its  language  and  illustrations."  How  far  this  consid- 
eration should  be  allowed  to  interfere  with  a  clear  statement  of  the 
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fandamental  facts  of  biological  science  is  a  question  upon  which 
teachers  are  not  likely  to  agree  at  present.  The  system  of  pre- 
senting the  comparative  anatomy  before  the  systematic  zoology  is 
a  practice  by  no  means  new  in  text  books,  and  one  that  has  its 
disadvantages  as  well  as  its  advantages.  An  intermediate  course 
has  been  found  preferable  by  the  writer.  This  book  is  profusely 
illustrated,  but  we  regret  to  notice  that  very  few,  if  any,  of  the 
cuts  are  new,  many  of  them  having  done  much  service  before  in 
several  text  books  and  popular  treatises,  while  a  very  large  pro- 
portion have  been  borrowed  from  European  books,  and  illustrate 
foreign  animals,  even  when  far  better  figures  of  corresponding 
American  species  are  easily  available.  Formerly,  when  but  few 
of  our  American  animals  had  been  well  figured,  tnere  was  some  ex- 
cuse for  borrowing  and  copying  the  figures  of  European  animals, 
but  the  case  has  been  entirely  changed  within  twenty  years,  for 
the  American  species  are  now  very  well  and  very  fully  figured 
in  numerous,  works.  Prof.  S.  Tenney  has,  in  this  respect,  set  an 
excellent  example  in  his  Manual  of  Zoology,  where  the  figures  are 
excellent  and  mostly  from  the  standard  works  on  American  Zool- 
ogy. It  is  to  be  presumed,  however,  that  this  glaring  defect  is  to 
be  attributed  far  more  to  the  publishers  than  to  the  author  of  the 
present  work.  The  false  economy  which  so  often  impels  American 
publishers  to  borrow  for  text  books  stale  foreign  cuts  instead  of 
employing  fresh  and  useful  ones,  drawn  from  native  animals, 
should  be  discountenanced  by  every  naturalist.  v. 

11.  GeographiccU  Variation  among  North  American  JfammalSj 
eepeciallt/  in  respect  to  size.  Sexual^  individual  a? id  geographical 
variation  in  Leucomticte  tephrocotis.  By  J.  A.  Allen.  Extracted 
from  the  Bulletin  of  the  Geological  and  Geographical  Survey  of 
the  Territories,  Vol.  II,  No.  4. — In  the  former  paper  Mr.  Allen 
contributed  a  great  amount  of  information  on  the  variation  of 
many  of  our  larger  mammals.  His  conclusions  are  largely  based 
upon  a  study  of  the  very  large  series  of  skulls  belonging  to  the 
Smithsonian  Institution.  He  shows  that  while  most  northern  and 
Arctic  animals  decrease  in  size  southward,  the  reverse  of  this  is 
true  of  other  species  having  a  southern  distribution,  and  that  the 
same  holds  good  for  genera  and  families  as  well  as  for  species.* 
Mr.  Allen,  in  this  paper,  reverses  some  of  his  opinions,  expressed 
in  former  papers,  respecting  the  identity  of  some  of  the  North 
American  Mammals  with  those  of  Europe.  He  now  admits  that 
the  common  black  bear  ( Ursus  Americanus)  is  a  species  distinct 
from  the  brown  bear  ( U.  arctos)  of  Europe,  but  he  states  that  the 
barren  gi-ound  bear  is  identical  with  U,  arctos^  and  considers  the 
grizzly  bear  a  "subspecies"  of  the  latter.  He  now  admits  .the 
American  sable  to  be  distinct  from  all  the  European  forms.  The 
common  red  fox  he  considers  a  "  subspecies "  of  the  red  fox  of 
Europe.  He  questions  the  specific  distinctness  of  the  Canada  lynx 
from  the  bay  lynx  (Z.  rufus)  and  regards  it  as  probably  only  a 
"  subspecies." 

*  Similar  laws  have  been  found  by  us  to  hold  good  for  the  murine  invertebrates 
of  our  ooasta. 
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In  the  second  paper  the  author  shows  that  in  all  the  American 
species  of  LeiicoMticte  there  is  really  considerable  sexual  variation^ 
both  as  to  size  and  color,  and  that  the  species  also  vary  geo- 
graphically. V. 

12.  Arcnivos  do  Museu  Nacional  do  Rio  de  Janeiro.  VoL  L 
Ist  Trimestre.  30  pp.  4to.  1876. — Tlie  first  number  of  this  new 
periodical  is  handsomely  printed  and  illustrated.  It  contains  val- 
uable papers  on  Brazilian  archeology,  by  Prof.  C.  F.  Hartt,  and 
by  Carlos  Wiener.  v. 

Id:  JBtudes  9ur  les  EchinokleeSy  par  S.  Loven,  from  EongL 
Svenska,  Vetenskaps-Akad.  Handligar.  Vol.  ii.  No.  7.  4to,  with 
53  plates.  1876. — This  very  important  work,  although  pub- 
lished some  time  ago,  has  only  just  reached  us.  It  is  mainly  de- 
voted to  a  v^ry  thorough  and  complete  study  of  the  skeleton  and 
external  organs  of  the  entire  group  of  EcbinL  A  few  new  forms 
are  also  described  and  figured.  v. 

14.  BMetin  of  the  United  States  National  Museum.  No.  6. 
Catalogue  of  the  Fishes  of  the  Bermudas^  by  G.  Brown  Goode  ; 
No.  6.  Classification  of  the  Collection  to  illustrate  the  Animal 
Resources  of  the  United  States^  by  G.  Bhown  Goode.  1876. — 
The  former  is  a  very  useful  contribution  to  the  Ichthyology  of 
Bermuda  and  our  own  adjacent  waters.  It  includes  descriptions 
of  many  species  ^m  life,  the  synonymy,  local  names,  etc. 

The  second  work  is  a  very  comprehensive  scheme,  showing  the 
possibility  and  manner  of  making  such  a  collection  complete. 
This  system  of  classification  has  been  carried  out  in  the  extensive 
collections  illustrating  this  department  in  the  Government  Build- 
ing of  the  Centennial  Exhibition.  v. 

16.  Contributions  to  the  Natural  History  of  JTerguelen  Island^ 
made  in  connection  with  the  U.  S.  Transit  of  Venus  Eocpedition^ 
bjr  J.  H.  Kidder,  M.D.  Part  II.  May,  1876. — This  final  part  con- 
tains the  Oology,  by  J.  H.  Kidder  and  Dr.  Elliott  Coues ;  Botany, 
the  •  Phsenogamia,  Filices  and  Lycopodiaceae,  revised  by  Prof 
A.  Gray,  the  Musci,  by  Thos.  P.  James,  the  Lichens,  by  Prof. 
£dw.  l^uckerman,  the  Algae,  by  Dr.  W.  G.  Farlow ;  Geology,  in- 
cluding a  list  of  the  rocks  and  minerals,  by  Dr.  F.  M.  Endlich ; 
Mammals,  by  Dr.  Kidder ;  Fishes,  determined  by  Prof.  Theodore 
Gill;  Mollusks,  by  W.  H.  Dall;  Insects,  by  Dr.  Kidder,  the 
Diptera  having  been  determined  by  C.  R.  Osten  Sacken,  and  the 
Neuroptera,  by  Dr.  H.  A.  Hagen;  Crustaceans,  by  Prof.  Sidney 
L  Smith;  Annelids  and  Echinoderms,  by  A.  E.  Verrill;  Notes 
on  the  specimens  obtained,  by  Dr.  E.  Kershner  and  Mr.  I.  Russell, 
in  New  Zealand,  etc.,  including  minerals,  birds,  fishes,  skulls, 
hydroids,  etc. ;  and  finally,  an  important  study  of  the  comparative 
anatomy  and  afiinities  of  Chionis  minor^  by  Dr.  Kidder  and  Dr. 
Coues.  The  authors  constitute  a  new  tribe  ( Chionomorphce)  to 
include  this  species  and  C.  alba.  They  also  think  it  necessary  to 
place  the  former  in  a  new  genus  ( Chionarchus),  They  regard 
this  small  and  peculiar  group  as  representing  an  ancient  or  ances- 
tral type  intermediate  in  some  respects  between  the  modem  gulls 
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and  plovers.  Among  the  moUusks,  Mr.  Dall,  in  addition  to  other 
useful  matters,  describes  a  new  species  of  Lepton  (L,  paraaiticum) 
which  lives  upon  the  test  of  the  sea-urchin  ( TripyluM  oordcUus  V.), 
chiefly  along  the  ambulacra  near  the  mouth;  a  new  genus  and 
species,  Kidderia  minuta^  related  to  ModioUirca;  and  a  new  genus 
and  species  of  ChitonidsB  (Hemiarthrum  eetidosum)  is  contributed 
by  Dr.  P.  P.  Carpenter.  JMr.  Dall  also  gives  a  new  generic  name 
{ikjtoniella)  to  the  small  Rissoidae  described  by  Mr.  E.  A.  Smith 
under  the  preoccupied  name,  jhJatonia,  Among  the  insects,  new 
facts  concerning  the  remarkable  wingless  diptera  are  given^  and 
Dr.  Hagen  has  described  a  new  form  (Rhyopsocua  eclipticus). 
Among  the  crustaceans.  Pro!  Smith  has  described,  as  new,  Hyale 
villoaa  and  Lysianaaea  ITiddert,  and  as  doubtful,  Atylii8{?)  aua- 
tralis  Miers(?),  and  gives  useful  notes  on  other  species.  Among 
Annelids,  Nereis  antarctica  and  Neottia  apectabilia*  are  described 
as  new,  with  a  revision  of  the  characters  of  the  latter  genua. 
Among  Echinoderms,  Pentactella  kevigata^  Hemiaater  cordatua^\ 
Aaterias  rupicola,  from  Eerguelen  Island,  and  Aatrophyton  aua- 
trale  from  Tasmania  are  described  as  new,  while  Ophioglypha 
hexcLctia  Smith  is  also  fully  described.  Of  Anthozoa,  two  species, 
Afithopodium  australe  v.,  new  sp.,  and  PrimnoeUa  Avatrcdctaim 
Gray,  both  from  New  Zealand,  are  described.  v. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Elementa  of  Phyaical  Manipulation  ;  by  Edward  C.  Pick- 
ering, Prof.  Physics  Massachusetts  Institute  of  Technology.  Part 
II.  pp.  X,  316,  8vo.  New  York,  1876.  (Hurd  &  Houghton.) — 
In  preparing  this  volume  as  a  completion  of  the  work  of  which 
the  first  part  was  published  three  years  ago,  the  author  has  greatly 
extended  the  range  of  subjects  treated,  and  has  included  in  this 
portion  topics  belonging  to  a  number  of  kindred  branches  of 
science.  The  first  108  pages  are  devoted  to  experiments  illustra- 
ting electricity  and  heat,  with  descriptions  of  the  apparatus  re- 
quired and  the  modes  of  conducting  the  various  researches.  Then 
follow  chapters  upon  mechanical  engineering,  meteorology,  prac- 
tical astronomy  and  lantern  projections.     At  the  end  are  three 

*  In  the  Annals  and  Magazine  of  Natural  History,  April,  1876,  p.  318,  Mr.  W. 
C.  Mcintosh  has  published  descriptions  of  several  Kerg^elen  Annelida  from  the 
English  expedition.  The  Nereis  Eatoni  described  by  him,  may,  perhaps,  be  the 
same  as  our  N.  antareiicck,  or  a  sexual  form  of  it ;  and  his  NeoUia  anktreUca,  may 
be  identical  with  our  N.  spectabilis,  but  his  descriptions  are  not  sufficiently  detailed 
to  permit  an  accurate  determination  of  these  points.  The  tube  of  his  NeoUis  ap- 
pears to  be  quite  unlike  that  of  ours,  but  this  may  be  due  to  difference  of  localit7. 
Although  this  part  of  Dr.  Kidder's  report  had  been  in  type  and  the  proof  had 
been  corrected  several  months  previous  to  its  publication,  early  in  May,  the  paper 
by  Dr.  Mcintosh  has  priority  of  actual  publication. 

f  Mr.  A.  Agassiz  has  published,  in  the  Proceedings  of  the  American  Academy, 
an  interesting  paper  on  the  young  stages  of  this  species,  found  by  the  writer  in- 
habiting the  deep  ambulacra!  furrows  of  the  female  specimens,  where  they  were 
effectually  concealed  and  defended  by  the  longer  spines  projecting  inwai^  trom 
the  borders. 
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appendices,  in  the  first  of  which  certain  topics  in  electricity  are 
treated  more  fully  than  in  the  main  portion  of  the  volume,  with 
the  addition  of  a  number  of  important  matters  pertaining  thereto. 
The  second  contains  a  variety  of  tables  and  data  useful  in  physical 
computations.  The  third  is  made  up  of  general  directions  with 
reference  to  physical  laboratories,  a  valuable  list  of  works  of  refer- 
ence, and  an  excellent  collection  of  additional  experiments,  of 
varying  difficulty,  and  some  of  them  fitted  to  tax  the  skill  of  the 
best  trained  student.  The  same  practical  good  sense  is  displayed 
in  the  selection  and  arrangement  of  the  subjects  as  in  the  first 
part,  and  the  two  volumes  constitute  not  only  a  very  important 
contribution  to  the  resources  of  the  student,  but  also  an  invaluable 
aid  to  instructors  in  physical  science.  The  cuts  which  accompany 
the  text,  though  sufficient  for  the  purposes  of  illustration,  are 
hardly  consistent  in  quality  with  the  rest  of  the  work,  and  if,  in 
the  endeavor  to  attam  clearness  and  conciseness,  the  ordinary 
graces  of  style  have  been  sometimes  sacrificed,  the  reader  will 
count  it  no  serious  imperfection  in  view  of  the  very  substantial 
excellence  of  the  work.  a.  w.  w. 

2.  Treatise  on  the  Mechanical  Theory  of  Heat^  and  its  applica- 
tions to  the  Steam  Engine^  etc. ;  by  R.  S.  McCullocu,  Civil  En- 
gineer and  Professor  of  Mechanics  in  Washington  and  Lee  Uni- 
versity, Va.  pp.  xii,  288,  8vo.  New  York,  1876.  (Van  Nostrand.) 
— This  volume  contains  a  clear  and  simple  mathematical  exposi- 
tion of  the  modern  theory  of  heat,  with  many  of  its  applications 
in  practical  matters,  especially  to  the  steam  engine  and  other  ma- 
chines for  the  generation  of  power  by  means  of  heat.  It  begins 
with  an  historical  sketch,  giving  an  account  of  the  various  steps 
by  which  the  mechanical  theory  of  heat  has  been  developed,  and 
the  historical  method  is  kept  in  view  throughout  the  book.  The 
author  in  his  preface  '^  acknowledges  his  indebtedness  to  the  pro- 
found views  of  his  friend.  Prof.  W.  H.  C.  Bartlett,  whose  mathe- 
matical exposition  of  the  unity  of  physical  action  has  been  the 
point  of  departure  of  his  own  labors."  a.  w.  w. 

3.  On  the  Theory  of  Ventilation;  by  F.  S.  B.  Francois  dk 
Chaumont,  M.D. — In  my  previous  paper  (Jan.  28th,  1876J  I  en- 
deavored to  establish  a  basis  for  calculating  the  amount  oi  fresh 
air  necessary  to  keep  an  air-space  sufficiently  pure  for  health,  tak- 
ing the  carbonic  acid  as  the  measure.  The  results  showed  that 
the  mean  amount  of  carbolic  acid  as  respiratory  impurity  in  air 
nndistinguishable  by  the  sense  of  smell  from  fresh  external  air 
was  under  0*2000  per  1000  volumes.  My  object  in  the  present 
note  is  to  call  attention  to  the  relative  effects  of  temperature  and 
humidity  upon  the  condition  of  air,  as  calculated  from  the  same 
observations. 

Temperature.  Hiimiditj.  Carbonic  acid. 

63**  F.  73  per  cent.  0-1943  per  1000  voliftnes. 

If,  now,  we  arrange  the  observations  according  as  they  differ  from 
the  above  standard  of  temperature  and  humidity,  and  note  the 
record  of  sensation  attached  to  each,  we  may  ascertain  how  far 
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the  said  record  departs  (if  at  all)  from  what  it  ought  to  have  been 
as  calculated  from  ihe  actual  COj.  To  do  this  we  may  employ 
the  numerical  values  of  the  different  classes,  taking  No.  1  (fresh) 
as  unity,  thus : — 

Glass.                  Sensation.  Value. 

No.  1.     Fresh 1-00 

2.  Rather  close 2'13 

3.  Close 3-46 

4.  Extremely  close 4*66 

Taking  each  observation  and  dividing  the  CO.  found  by  the  mean 
quantity  of  No.  1,  viz:  0*1943,  we  get  a  numoer  which  will  give 
the  theoretical  value  of  its  effect  upon  the  senses ;  and  by  compar- 
ing this  with  the  actual  value  of  the  recorded  sensation,  we  can 
note  whether  the  difference  ispliis  or  minus j  if  any.  All  observed 
quantities  of  CO^  below  0*1943  are  considered  e^ual  to  that  num- 
ber, and  all  quantities  above  0*9054  as  equal  to  it,  as  the  sense  of 
smell  does  not  seem  capable  of  differentiating  quantities  except 
between  those  limits. 

Out  of  458  fnlly  recorded  cases,  186  gave  a  recorded  sensation 
in  excess  of  the  theoretical  value — that  is,  the  air  seemed  less  pure 
than  would  have  been  expected  from  its  COg.  In  these  the  aver- 
age temperature  and  humidity  were  both  above  Class  1. 

152  cases  gave  a  recorded  sensation  below  the  theoretical  value 
— that  is,  the  air  seemed  purer  than  would  have  been  expected 
from  its  CO^.  In  those  cases  the  average  temperature  was  above, 
but  the  average  humidity  below  the  mean  of  Class  1. 

120  cases  gave  a  recorded  sensation  that  exactly  corresponded 
with  the  theoretical  value.  In  those  cases  the  average  temper- 
ature was  above,  and  the  average  humidity  below  the  mean  of 
Class  1. 

Arranging  these  results  and  putting  F  for  the  temperature  in  de- 
grees of  Falirenheit,  and  H  for  the  humidity  per  cent,  we  have : — 

(  Aggregate  difference  of  the 
-f  58°*6  F  -|-  86  H  =  -|-  197.70  [l]    ]     recorded  and  the  theoret- 

(     ical  value  of  sensation. 

-f  2yO*8  F  —  82  H  =  -  117*37  [2]  Do. 

+  244*0  F  -  91  H  =  0         [3]  Do. 

Adding  the  tw,o  last  equations,  we  have, 

-|-474°*8F—173H=- 117-37  [4]  Do. 

From  [1]  and  [4]  we  can  determine  the  respective  values  of  F  and 
U,  which  are  as  follows : 

F=  0*4730  H  =  1*9765 

Or,  stated  in  terms  of  CO,,  by  multiplying  by  0*1943, 

F  =  0*0919  H  =  0*3833  per  1000  vols. 

Taking  F  as  unity,  we  have, 

F  :  H  : :  1*000  :  4*1789 
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Or  an  increase  of  1  per  cent  of  Immidity  has  as  much  influence  on 
the  condition  of  an  air-space  (as  judged  of  by  the  sense  of  smell) 
as  a  rise  of  4^*18  of  temperature  in  Fahrenheit's  scale,  equal  to 
2° '32  Centigrade,  or  l°-8(5  Reaumur. 

This  may  be  taken  as  a  proof  of  the  powerful  influence  exercised 
by  a  damp  atmosphere,  corroborating  the  conclusions  arrived  at 
by  ordinary  experience ;  and  it  follows  that  as  much  care  ought 
to  be  taken  to  ensure  proper  hygrometric  conditions  as  to  maintain 
a  sufficiently  high  temperature.  This  is  especially  the  case  in  the 
wards  or  chambers  of  the  sick,  in  which  regular  observations  with 
the  wet  and  dry-bulb  thermometers  ought  to  be  made ;  these  would 
probably  give  a  valuable  indication  of  the  condition  of  the  venti- 
lation, either  along  with  or  in  the  absence  of  other  more  detailed 
investigations.  Thus  a  room  at  the  temperature  of  60°  F.  and  with 
88  per  cent  of  humidity  contains  5*1  grams  of  vapor  per  cubic  foot : 
suppose  the  external  air  to  be  at  50  F.  with  the  same  humidity, 
88  per  cent;  this  would  give  3'6  grains  of  vapor  per  cubic  foot; 
to  reduce  the  humidity  in  the  room  to  73  per  cent,  or  4*2  grains 
per  cubic  foot,  we  must  add  the  following  amount  of  external  air, 

5»1  ^  4-2  _ 

4-2  -  3-6  "■       ' 

or  once  and  a  half  the  volume  of  air  in  the  room.  If  the  inmates 
have  each  1000  cubic  feet  of  space,  it  follows  that  either  their 
supply  of  fresh  air  is  short  by  1500  cubic  feet  per  head  per  hour, 
or  else  that  there  are  sources  of  excessive  humidity  within  the 
air-space  which  demand  immediate  removal. — ProceedingM  Moyal 
Society,  London,  May  4,  1876. 

4.  Jviftth  Annual  Report  of  the  Trustees  of  the  Peabody  Mu- 
seum of  American  Archaeology  and  Ethnology,  64  pp.  8vo. — 
The  report  of  the  Curator,  Mr.  F.  W.  Putnam,  contains  an 
account  of  the  various  recent  additions  to  the  Museum,  the 
largest  of  which  is  the  collection  from  Peru  and  Bolivia,  made  by 
Mr.  Alexander  Agassiz  and  Mr.  S.  W.  Garman,  during  their  • 
journey  in  South  America.  This  collection,  obtained  at  a  large 
expense,  was  the  rift,  even  to  the  cost  of  transportation,  of  Mr. 
Agassiz.  It  includes  several  mummies,  pottery,  idols,  cloth  and 
articles  of  clothing,  balls  of  thread,  spindles,  and  other  articles 
connected  with  weaving,  "  which  art  was  developed  to  a  very  high 
state  by  the  ancient  Peruvians ; ''  also  work  Doxes,  ornaments 
and  beads  of  silver,  copper,  shell,  and  stone,  fishing  nets,  and 
many  other  articles;  all  taken  from  an  ancient  burial-place  at 
Ancon.  The  adjoining  burial-place  at  Chancay,  aflbrded  Mr. 
Agassiz  about  70  jars,  vases,  and  other  vessels,  with  terra  cotta 
idols  and  images."  The  two  illustrate  well  the  ceramic  art  of  the 
ancient  people  from  the  central  portion  of  the  Peruvian  coast.  Be- 
sides these,  the  collections  contain  numerous  articles  from  Pasagua. 
One  of  the  five  crania  from  Pasagua  had  been  distorted  by  circu- 
lar pressure,  giving  it  the  pyramidal  form  of  some  crania  from 
near  Lake  Titicaca,  while  three  others  were  of  natural  form  and 
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not  at  all  like  the  broad  depressed  skulls  of  Ancon.  A  large  col- 
lection of  hair  was  obtained  from  Pasagua,  showing  "  not  only  the 
peculiar  modes  of  braiding,  but  also  the  fact  that  hair  other  than 
that  belonging  naturally  to  the  head  was  worn  to  a  great  extent 
in  the  form  of  *  switches,'  and  that  even  these  ancient  people  were 
familiar  with  the  use  of  the  *  rats  '  of  the  modem  hair-dressers." 
Among  the  other  objects  from  the  same  place  were  a  hair-comb, 
a  head-dress  of  feathers,  a  sinker  attached  to  a  fishing-line,  large 
dishes,  a  cup  of  basket  work,  articles  of  clothing,  fishing  nets, 
pottery.  Pacasmayo  afforded  Mr.  Agassiz  jars  and  vases  of  black 
clay  highly  ornamented,  many  having  the  human  form  or  that  of 
monkeys  and  other  animals  moulded  over  them ;  and  Titicaca,  a 
series  of  graceful  jars,  reminding  of  Etruscan  art,  and  various 
objects  quite  difl:erent  from  those  of  other  parts  of  Peru.  The  col- 
lections also  contain  numerous  articles  illustrating  the  manner  of 
life,  etc.,  of  the  modem  Indians. 

The  Museum  has  also  received  large  collections  from  the  Smith- 
sonian Institution  from  explorations  in  California,  including  100 
human  crania,  stone  mortars  and  pots,  a  cup  of  serpentine,  etc. 

The  Geographical  DistributioD  of  Animals,  by  A.  R.  Wallace.  2  vols.  8to,  with 
colored  maps  and  many  illustrations.     1876.    London.     (Macmillan  &  Co.) 

Carte  G^logique  du  Bassin  Houiller  de  Lidge,  par  M.  Julien  de  Macar.  1876. 
Lidge.    (E.  Decq.) 

Proceedings  of  the  American  Association  for  the  Advancement  of  Science,  24th 
Meeting,  held  at  Detroit,  Michigan,  August,  1875.    Salem,  1876. 

Contributions  from  the  Laboratory  of  tiie  State  University.  On  the  various 
methods  of  separating  and  determining  Baryiim,  Strontium  and  Calcium.  Part  I : 
Determination  of  Barjrum.  By  P.  Schweitzer,  Ph.D.,  Prof.  Analytical  and  Applied 
Chemistry.  From  the  Catalogue  of  the  University  of  the  State  of  Missouri.  36  pp. 
8vo.    Jefterson  City,  Missouri  1876. 

Gkschichte  der  Sulfoverbinaungen  mit  besonderer  Beriicksichtig^ng  der  Sulfo- 
sauren  der  methylirten  und  athylirten  Aniline.  By  George  Adams  Smyth,  of 
Maine.  Doctorate  Inaugural  Dissertation  at  the  Friedrich  Wilhelms-Universitat, 
Berlin.     43  pp.  8vo.     Berlin,  1876. 

Science  Primers,  edited  by  Professors  Huxley,  Roscoe,  and  Balfour  Stewart 
VIII.  Botany,  by  J.  D.  Hooker,  C.B.,  F.R.S.  118  pp.  18mo,  with  illustrations. 
1876.    (New  York,  D.  Appleton  k  Co.) 

OBITUARY. 

Professor  McChkkney,  of  Missouri,  who  accompanied  the  geo- 
logical party  under  Professor  Shaler  to  the  Cumberland  Gap,  was 
kiSed  while  in  the  excavation  he  had  just  made  in  an  Indian 
mound.  It  seems  that  the  people  of  the  vicinity  crowded  around 
the  edges,  which  gave  way,  and  quite  a  number  were  precipitated 
in  thsj  hole.  When  the  excavation  was  cleared  out  again,  it  was 
found  that  Professor  McCheepey  was  stooping  when  the  accident 
occurred,  the  result  being  that  his  neck  was  broken.  He  died 
almost  immediately. — Letter  of  IS'of.  Shaler^  darted  Camp  Har- 
vard^ Cumberland  Camp^  July  10. 

Edward  Newman,  F.Z.S.,  editor  of  the  Zoologist  and  Ento- 
mologist, recently  died  in  London,  at  the  age  of  seventy-five  years. 

Ehrenberg,  the  eminent  microscopic  investigator  of  Berlin, 
died  on  the  twenty-seventh  of  last  June. 
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Art.  XXX. — On  Cephalimtwn ;  by  James  D.  Dana.     Part  V. 
Cephalization  a  fundamental  principle  in  the  Development  of 
the  System  of  Aiamal  Life. 

The  principle  of  cephalization  has  been  explained  at  length 
in  memoirs  in  former  volumes  of  this  Journal,*  and  to  them  I 
would  refer  for  detniled  illustrations  of  the  subject.  Among 
these  illustrations  the  attention  of  the  reader  is  especially 
called  to  those  from  the  department  of  Crustacea,  the  study  of 
which — occupying  more  than  half  of  my  time  between  the  years 
1837  and  1855 — ^brought  before  me  the  facts  on  which  it  rests. 
It  cannot  fail  to  be  perceived,  in  the  review,  that,  with  ele- 
vation in  grade  among  the  Decapods,  for  example — passing 
upward  along  the  line  of  Macrural  forms  to  the  Brachyural  (or 
from  the  lowest  of  shrimp-like  species  to  crabs) — there  is  in 
general,  with  the  rising  grade,  an  abbreviation  relatively  of  the 
abdomen,  an  abbreviation  also  of  the  cephalothorax  and  of  the 
antennae  and  other  cephalic  organs,  and  a  compacting  of  the 
structure  before  and  behind ;  a  change  in  the  abdomen  from 

*  For  fonner  papers  on  Cephalization,  see  this  Jonmal,  II.  xzii,  14,  1866; 
ZZXT,  65,  xzxvi,  1,  159,  321,  440,  1863;  xxxvii,  10,  157,  1864;  zli,  163,  1866. 

One  point  made  in  these  papers,  I  would  withdraw,  viz:  that  the  transfer  of 
the  anterior  pair  of  members  in  Man  from  the  locomotfre  to  the  cephalic  series  is 
analogous  to  the  transfer  which  takes  place  in  Crustaceans  in  passing  from  the 
Tetradecapod  to  the  Decapod  type,  or  from  the  Arachnoid  to  the  bisect  type. 
The  latter  is  plainly  a  structural  transfer,  the  two  anterior  pairs  of  limbs  in  tiie 
Crustacean,  or  the  one  in  the  Insectean  class,  becoming,  by  the  transfer,  strictly 
cephalic  organs  (pertaining  to  the  mouth  series),  and  existing  thus  in  a  large  tribe 
of  spades.  But  in  man  it  is  properly  only  a  fimctional  transfer,  analogous  to  cases 
among  spiders  and  Tetradecapods,  where  the  anterior  legs  become  adapted  to 
serve  fimctionally  the  mouth  or  head,  without  that  structural  transfer  which  would 
place  tiiem  of  itself  in  the  higher  order. 
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an  organ  of  great  size  and  power  and  chief  reliance  in  locomo- 
tion, to  one  of  diminutive  size,  and  no  locomotive  power ;  and  a 
change  as  to  the  particular  pair  of  legs  which  is  tne  strongest, 
from  one  of  the  more  posterior  to  the  anterior  in  the  series;  in 
other  words,  that,  as  grade  rises,  there  is  abbreviation  behind  and 
before,  and  thus  a  concentration  of  the  structure,  and  a  more 
forward  or  anterior  position  in  the  stronger  of  the  organs  of 
locomotion  and  prehension.  The  shrimp  and  crab  are  so  widely 
unlike  in  form  that  the  common  eye  hardly  suspects  that  they 
are  made  up  of  the  same  parts  or  organs  arranged  in  precisely 
the  same  order ;  that  the  latter  is  only  a  shrimp  contracted  in 
length,  dwindled  to  almost  nothing  in  its  abdomen,  and  com- 

S acted  in  its  mouth  organs  so  that  the  outer  pair  makes  a  well 
tting  operculum  over  the  others,  and  shortened  in  its  very  long 
multiarticulate  antennas  to  a  few  articulations  giving  them  a 
length  often  not  a  tenth  of  that  of  the  cephalothorax. 

I  would  refer  also  to  the  case  among  mammals,  for  an  illus- 
tration of  the  same  principle — that  the  lowest  forms  are  those 
having  their  locomotive  functions  located  in  the  posterior  parts 
of  the  body  ;*  and  that  in  the  higher,  the  forces,  or  force-organs, 
are  more  and  more  forward  in  the  structure.  For  example,  in 
the  whale — the  tail  is  the  propelling  organ  and  is  of  enormous 
power  and  magnitude,  and  the  brain  is  very  small  and  is  situ- 
ated far  from  the  head  extremity  in  a  great  mass  of  flesh  and 
bone  furnished  with  poor  organs  of  sense;  a  grade  up,  in  the 
horse  or  ox,  the  tail  or  posterior  extremity  is  no  longer  an 
organ  of  locomotion,  and  is  little  more  than  a  caudal  whip-lash, 
and  locomotion  is  performed  bv  organs  situated  more  anteriorly, 
the  legs,  and  a  well-formed  head  carries  .a  brain  which  is  a 
vastly  higher  organ  of  intelligence  than  that  of  the  whale — but 
the  legs  are  simply  organs  of  locomotion,  and  the  hinder  are 
the  more  powerful;  and  higher  up,  in  the  tiger  or  cat,  the 
fore-legs — not  the  hind-legs — are  the  organs  of  chief  muscular 
force,  and  these  have  higher  functions  than  that  of  simple  loco- 
motion, and,  further,  the  body  is  proportionally  shortened,  and 
the  head  is  shortened  anteriorly  or  m  the  jaws  and  approxi- 
mates thus  toward  the  condition  in  man.     The  existence  or  not 

*  The  fact  that  fishes  have,  with  few  exceptions,  the  tail  as  the  chief  or  only 
locomotive  organ,  corresponds  with  their  inferior  position  among  Vertebrates. 
At  the  same  time,  it  makes  the  application  of  the  principle  of  cephalization  in 
determining  grade  among  them  quite  difficult.  In  most  classes  or  groups  the 
force-organs  constitute  a  series  along  the  body,  and  the  position  of  the  strongest, 
and  the  transfer  forward  with  the  rise  in  grade,  is  openly  manifested.  But  in 
nearly  all  fishes,  the  tail  remains  the  locomotive  organ,  with  no  transfer  of  its  locomo- 
tive function  to  more  anterior  members,  and,  therefore,  other  less  obvious  and 
much  less  certain  modes  of  determining  any  forward  transfer  of  force  are  all  that 
remain.  And,  further,  as  the  conclusions  we  may  arrive  at  hold  good,  among  all 
classes  of  animals,  only  in  case  other  conditions  in  the  structure  are  essenOaUy  eqmi, 
the  inferences  from  such  evidence  can  ordinarily  extend  onlj  to  the  grade  in 
the  family  or  smaller  group  to  which  the  species  belong. 
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of  a  switch-like  tail,  as  in  ordinary  quadrupeds,  has  little  bear- 
ing on  the  question  of  degree  of  cephalization,  since  the  organ  is 
not  an  organ  of  locomotion,  or  one  indicating  a  large  posterior 
development  of  muscular  force.  But,  approaching  man  in  the 
system  of  life,  even  this  seems  to.  have  significance. 

In  accordance  with  the  principle  and  method  illustrated, 
animals  of  a  riven  type  differ  widely  as  to  the  conditions  and 
arrangements  for  action-muscular,  sensorial  and  psychical- 
in  the  animal  structure  In  the  low,*  there  is,  usually,  large 
size  and  strength  behind,  an  elongation  of  the  whole  structure, 
and  a  low  degree  of  compactness  in  the  parts  before  and  behind ; 
in  the  high,  there  is  a  relatively  shorter  and  more  compacted 
structure,  a  more  forward  distribution  of  the  muscular  forces 
or  arrangements,  and  a  better  head ;  and  the  progress  in  grade, 
under  a  type,  is  progress  along  lines  from  the  former  condition 
toward  the  latter,  that  is,  progress  in  the  strength,  perfection 
and  dominance  of  the  anterior  or  cephalic  extremity ;  m  a  word, 
it  is  progress  in  cephalization. 

The  principle  oi  cephalization  is  thus  fundamental  because, 
first,  the  chiei  center  of  nervous  power  or  energy  in  an  animal  is 
at  the  cephalic  extremity;  and,  secondly,  because  form  in  na- 
ture's species  is,  with  some  limitations,  an  expression  of  force.* 

Again,  I  have  exemplified,  in  my  memoirs,  the  corresponding 
feet  that  progress  in  cephalization  generally  attends  progress  in 
embryonic  development ;  referring,  for  illustration,  to  the  loss 
of  the  locomotive  tail  in  the  frog  and  many  other  Amphibians 
at  the  time  of  the  passage  to  the  adult  stage,  and  the  concurrent 
development  anteriorly  of  limbs,  with  the  perfecting  of  the  head 
in  structure  and  senses ;  to  a  similar  abbreviation  posteriorly  in 
the  development  of  modern  gars;  to  the  fact  that  the  higher 
insects  rise  from  a  state  that  is  worm-like  in  form,  having  no 
distinction  of  thorax  and  abdomen  and  sometimes  furnished 
with  abdominal  locomotive  appendages,  to  an  adult  stage  in 
which  the  abdomen  is  greatly  dwindled  in  size,  the  thorax  and 
abdomen  are  distinct  segments  and  the  former  alone  has  loco- 
motive members  and  these  of  perfected  structure,  and  the  well- 
defined  head  has  highly  developed  sense-organs  and  exalted 
senses;  and  to  other  examples,  all  illustrating  the  view  that 
through  the  developments  going  forward  in  the  progress  of  em- 
bryonic development,  there  may  in  general  be  distinguished  a 
cephalization,  or  forward  improvement,  of  the  structure. 

It  has  also  been  illustratea  that  the  geological  progress  in  the 
life  of  the  world  has  been  progress  in  accordance  with  the  prin- 
ciple of  cephalization,  this  being  manifested  in  the  succession 
oi  forms  under  the  various  types,  and  also  in  the  correspondence 

*  For  a  oonsideration  of  the  inferior  species  of  some  groups,  related  to  half- 
developed  embryonic  forms  in  structure,  I  would  refer  to  my  former  papers. 
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so  often  exhibited  in  a  general  way — as  announced  by  Agassiz 
— between  the  biological  succession  and  embryonic  develop- 
ment I  need  not  dwell  on  the  facts  in  this  place,  as  they  are 
well  understood. 

Professor  Marsh  has  recently  brought  forward  facts  which  ex- 
emplify fnlly  the  view  that  the  succession  in  the  animal  life  of 
the  globe  has  been  more  or  less  connected  with  brain-progress, 
facts  which  sustain  strongly  the  doctrine,  which  I  have  else- 
where urged,  that  this  progress  involved  changes  in  structures 
in  obedience  to  the  principle  of  cephalization.* 

Professor  Marsh  statesf  that  in  the  Eocene  Dinoceras,  from  the 
Bocky  Mountain  region,  the  brain  was  not  more  than  one-eighth 
the  bulk  of  that  of  the  modem  Rhinoceros — its  nearest  recent 
ally ;  in  the  Miocene  Brontotherium  it  was  much  larger,  about 

S nailing  that  of  the  Indian  Rhinoceros;  and  in  a  Pliocene 
astodon,  the  brain  was  larger  than  in  Brontotherium,  but  not 
equal  to  that  of  living  Proboscidiana  In  a  paper  qn  the  Eocene 
Coryphodon  of  the  same  region4  the  brain  was  even  lower  than 
in  Dinoceras.  Again,  after  a  further  study  of  the  subject,§  and 
a  comparison  of  an  extensive  series  of  ancient  and  modem 
crania,  he  gives  as  his  conclusions — in  advance  of  a  full  and 
illustrated  memoir  on  the  subject :  *'  First,  all  Tertiary  Mammals 
had  small  brains ;  second,  there  was  a  gradual  increase  in  the 
size  of  the  brain  during  the  age ;  third,  this  increase  was  mainly 
confined  to  the  cerebral  hemispheres,  or  higher  portions  of  the 
brain :  fourth,  in  some  groups  the  convolutions  of  the  brain 
have  become  more  complicated ;  fifth,  in  some,  the  cerebellum 
and  olfactory  lobes  have  even  diminished  in  size ;"  and,  further, 
**  there  is  some  evidence  that  the  same  general  law  of  brain- 
growth  holds  good  for  birds  and  reptiles  from  the  Cretaceous 
to  the  present  time." 

A  growth  of  eight  fold  in  bulk  since  the  early  Tertiary  is 
enormous,  vastly  exceeding  in  amount  the  growth  in  other 
organs ;  in  fact,  the  species  related  to  the  Rhinoceros  have  not 
increased  in  bulk  with  the  progress  of  time,  but  diminished. 
And  the  same  is  true  of  other  species ;  there  is  in  general  higher 
grade  wOh  smaller  bulk.  Moreover,  concurrently  with  the  change 
in  the  brain,  there  has  been  in  succeeding  species  a  relative 
shortening  of  the  head  and  especially  of  the  jaws,  besides  other 
modifications,  such  as  mark  a  rising  grade  of  cephalization.^^ 

♦  Author's  Manual  of  Geology,  1874,  p.  696. 

f  This  Journal,  III,  viii,  66,  1874,  and  zi,  163,  with  figures  of  the  Dinoceras 
brain;  xi,  336,  with  figures  of  the  brain  in  Brontotherium;  and  zi,  426.  with 
figures  of  the  brain  in  &e  Eocene  Coryphodon. 

1  Ibid.,  xi,  426,  1876.  8  Ibid.,  xu,  61,  July,  1876. 

^  The  jaws  are  in  some  mammalH  relatiyely  short  through  the  indiior  portion 
being  imperfectly  developed,  and  this  condition  is  a  mark  of  inferior  grade.  The 
shortening  referred  to  above  is  not  of  this  degradational  kind,  but  that  presented  in 
a  diminished  distance  between  the  normal  incisor-eztreniity  and  the  norauJ  podtioo 
of  the  posterior  molar — an  abbreviation  which  reaches  its  extreme  limit  in  man. 
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But  have  other  peculiarities  of  the  later  species  any  connection 
with  this  growth  and  change  of  brain  ?  We  can  hardly  doubt, 
that,  inasmuch  as  there  has  been  no  corresponding  change  in  the 
animaVs  bulk,  there  must  have  been  concordant  changes  some- 
where, and  change  of  equal  magnitude  and  importance ;  and 
the  supposition  that  they  included  the  structural  modifications 
which  mark  the  line  of  species  from  the  early  Tertiary  onward, 
does  not  appear  to  be  extravagant 

Such  growth  or  progress  in  the  brain  and  nervous  system — 
the  seat  of  power  in  the  animal — is  accordant  with,  and  conse- 
quent upon,  the  great  fact  that  this  is  the  part  of  the  structure 
which  comes  into  actual  contact  with  outside  and  inside  nature. 
It  is  the  means  in  an  animal  by  which  communication  is  had 
with  the  outer  world  and  also  with  its  own  inner  workings  and 
appetites ;  that  which  takes  impressions,  which  feels  whatever 
inspires  energy,  prompts  to  action,  exhilarates,  or  exalts ;  the 
part,  therefore,  wnich  must  grow  whenever  circumstances  favor 
progress,  and,  at  the  same  time,  fail  to  grow  or  dwindle  under 
unfavorable  circumstances;  which  communicates  whatever  it 
receives  to  the  being  to  which  it  belongs,  and,  in  each  case,  to 
the  part  or  parts  responding  to  its  condition ;  which  reaches 
every  part  of  the  system  and  dominates  in  all  action  and  gi'owth, 
and  hence  must  cause  an  expression  of  its  own  condition  in 
some  way  on  the  structure;  which,  moreover,  must  ordinarily 
produce  correlate  changes  in  correlated  parts,  if  any,  because  in 
its  own  nature  and  distribution  the  system  of  correlation  has  a 
full  expression.  Energetic  use  gives  increasing  strength  to 
muscle  ;  and  that  wonderful  strengthening  growth  in  the  brain 
since  Eocene  times  may  also  have  come  from  use. 

It  would  hence  appear  that  a  prominent  means  of  change  in 
species  is  the  action  of  influences  on  the  brain  ;  that  the  brain 
grows  and  changes  and  sends  its  changing  forces  through  the 
animal ;  and  that  this  gives  progress,  or  degradation  ;  and  hence 
it  is  that  progress  is  exhibited  in  cephalization,  and  degradation 
in  decephalization.  The  brain  could  not  grow  to  the  adult  stage 
in  the  irog  without  the  change  in  the  structure  that  cotempora- 
neously  takes  place ;  and  no  more  could  the  brain  of  a  species 
like  a  shrimp  grow  into  a  brain  of  the  higher  grade  of  a  crab 
without  its  determining  in  some  sense  a  concordant  higher 
grade  of  structure  in  the  animal,  involving  the  loss  of  locomo- 
tion in  the  abdomen  and  also  other  changes. 

We  recognize,  as  evidence  of  upward  progress  in  Man,  an  in- 
creasing height,  width  and  erectness  of  the  forehead,  and  a 
shortening  of  his  jaws,  and  see  therein  evidence  of  improved 
intellect;  which  means  higher  grade  of  cephalization.  But, 
more  than  this,  the  erect  form  of  Man,  the  shortened  arms,  the 
naked  skin,  as  well  as  the  large,  smooth-surfaced  cranium,  may 
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also  be  as  directly  and  necessarily  connected  with,  and  depen- 
dant upon,  his  superior  degree  of  cephalization  in  the  system 
of  animal  life;  while  the  hairy  skin,  the  long  arms,  the  crested 
skull,  the  inclined  posture  of  the  man-ape,  may  be  all  involved 
in  the  ape's  inferior  degree  of  cephalization.  If  so,  the  devel- 
opment of  the  brain  in  Man  andf  of  all  the  highest  structural 
perfections  of  the  Vertebrate  type  which  he  exhibits  is  incon- 
sistent with  the  existense  of  the  hairy  covering  and  some  other 
circumferential  as  well  as  interior  characteristics  of  the  brute. 

We  may  therefore  believe  that  in  all  progress  in  grade, 
upward  or  downward,  there  was  involved  some  changes  in  th6 
animal  structure  of  the  kind  expressing  degree  of  cephalization. 
Brain -progress  could  not  have  taken  place  without  structural 

Erogress:  and  with  the  brain  eminently  the  growing  organ,  the 
rain-progress  would  have  had  a  determining  relation  to  the 
latter.  More  than  this,  many  peculiarities  of  form  or  structure 
in  animals  which  are  not  evidently  marks  of  grade  in  cephali- 
zation, or  have  little  or  nothing  to  do  with  it,  may  have  had 
the  same  source.  The  type  of  structure  characteristic  of  a 
group  of  species  is  beyond  doubt  connected  with  some  peculi- 
arity of  chemical  composition,  or  rather  of  chemical  compounds 
present,  in  the  great  center  of  activity ;  and  this  chemical  con- 
dition once  established,  the  progress  afterward,  connected  with 
brain  growth  or  change,  might  well  be  a  o.evelopment  in  that 
line  of  type  structure,  displaying  the  type  under  new  forms. 

I  do  not  mean  to  imply,  in  the  above,  that  the  method  of 
progress  pointed  out  accounts  for  the  existence  of  the  various 
types  of  structure  in  the  animal  kingdom,  or  for  all  the  devel- 
opments under  them ;  but  only  that,  whatever  the  types  of 
stnicture  in  course  of  development,  there  was  also  a  general 
subordination  in  the  changes  to  the  principle  of  cephalization ; 
because  the  nervous  system  by  its  growth  and  domination  must 
necessarily  have  determined  such  subordination  ;  and,  further, 
that,  through  the  same  agency,  the  development  of  other  pecu- 
liarities of  structure  and  form,  not  obviously  marks  of  grade, 
may  have  been  occasioned.  The  origin  of  the  grander  types 
of  structure  must  be  connected  with  the  profoundest  of  molec- 
ular laws;  and  how  connected,  man  may  never  know. 

These  views  may  hold  whatever  be  the  true  method  of  evolu- 
tion. The  method  by  repeated  creations  through  communica- 
tions of  Divine  power  to  nature  should  be  subordinated,  as 
much  as  any  other,  to  molecular  law  and  all  laws  of  growth ; 
for  molecular  law  is  the  profoundest  expression  of  the  Divine 
will,  the  very  essence  of  nature ;  and  no  department  of  nature 
is  without  its  appointed  law  of  development  But  the  present 
state  of  science  favors  the  view  of  *•  progress  through  the  deri- 
vation of  species  from  species,  with  few  occasions  for  Divine 
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intervention."*  If  then  there  has  been  derivation  of  species 
from  species,  we  may  believe  that  all  actual  struggles  and  rival- 
ries among  animals,  leading  to  a  **  survival  of  the  fittest,"  must 
tend,  as  in  Man,  to  progress  in  cephalization,  and  dependent 
structural  changes.  In  fact,  mere  living,  the  surmounting  of 
the  daily  obstacles  in  getting  food  and  shelter  and  satisfying 
ordinary  desires,  may  have  given  growth  to  the  brains  ana 
structures  of  the  Eocene  mammals,  aiding,  but  perhaps  exceed- 
ing, all  other  influences  from  environments. 

The  source  of  variation  here  pointed  out  is  not  at  all  at  vari- 
ance with  Darwinism.  Darwin,  in  fact,  does  not  aim  to 
explain  the  origin  of  variation  among  species,  but  chiefly  the 
workings  of  natural  selection — variations  being  in  progress  by 
some  means — in  leading  to  the  ''survival  of  the  fittest*  of  the 
varieties.  Variation  he  refers  to  environments,  and  especially 
to  action  on  the  genital  system.  The  genital  system  may  have 
this  prominence  in  plants ;  but  for  animals  I  would  give  the 
nervous  system  the  nigher  place,  inasmuch  as  upon  it  environ- 
ments make  their  first  and  most  powerful  impress. 

One  reason  why  plants  present  but  few  simple  types  of  struc- 
ture compared  with  animals,  and  why  marine  plants  are  almost 
the  same  for  all  geological  time,  and  thus  strongly  contrast 
with  the  immense  diversity  and  complexity  of  types  and  kinds 
among  marine  animals,  may  be  found  in  the  fact  that  plants 
possess  not  that  feeling,  knowing,  outreaching  and  inworking 
thing,  a  nervous  system.  This,  however,  is  not  all:  for  the 
presence  of  so  large  a  proportion  of  nitrogen  in  the  animal 
structure,  in  addition  to  other  elements,  gives  an  opportunity 
for  a  vastly  wider  range  of  chemical  combinations. 


Art.  XXXI. — On  an  Etectro-magnetic  Machine  constructed  at  the 
Cornell  University  Workshop;  by  Wm.  A.  ANTHONY,  Pro- 
fessor of  Physics  at  the  Cornell  University. 

This  machine  is  essentiallv  the  same  as  the  "Gramme"  elec- 
tro-magnetic  machine,  and  its  construction  was  undertaken  on 
account  of  the  difficulty  that  seemed  to  exist  in  the  way  of 
procuring  the  **  Gramme"  machine  from  the  European  manu- 
facturers. 

The  soft  iron  core  of  the  revolving  armature  consists  of  a  coil 
24  cm.  external  diameter,  20  cm.  internal  diameter,  and  15  cm. 

*  This  sentence  is  cited  from  my  Manual  of  Geology,  1874,  p.  603.  After  it  come 
these  words: — **For  the  development  of  Man,  gifted  with  high  reason  and  will, 
and  thus  made  a  power  above  Nature,  there  was  required,  as  Wallace  has  urgfed, 
the  special  act  of  a  Being  above  Nature,  whose  supreme  will  is  not  onlj  the  source 
of  natural  law,  but  the  working  force  of  Nature  herself,"  and  this  I  still  hold. 
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wide,  of  very  Moft  iron  wire  8  mm.  square.  To  prevent,  as  far  as 
possible,  the  formation  of  induced  currents  in  the  coil  itsel£ 
which  would  consume  power  to  no  purpose,  the  wire,  while 
being  wound  into  the  coil,  was  drawn  through  a  thick  shellac 
varnish,  which,  it  was  thought,  would  to  a  certain  extent  insu- 
late the  adjacent  wires  from  each  other. 

The  conducting  wire  of  the  armature  consists  of  100  coils, 
each  of  4  meters,  of  cotton-covered  copper  wire  2  mm.  square. 
These  coils  terminate  alternately  on  the  right  and  left  of  the 
armature,  and  each  set  is  connected  with  fifty  copper  strips 
which  surround  the  axis  and  serve  to  transmit  the  current  in 
the  usual  way.  The  two  sets  of  coils  are  entirely  independent 
of  each  other,  and  constitute  practically  two  distinct  arma- 
turea  The  resistance  of  each  armature  as  employed  in  the 
machine  is  very  nearly  \  of  an  ohm. 

The  cores  of  the  two  inducing  magnets  are  7'5  cm.  diameter, 
60  cm.  long.  At  the  middle  of  each  is  a  block  of  cast  iron 
which  serves  as  the  magnetic  pole,  15  cm.  wide,  and  embracing 
about  one-third  of  the  circumference  of  the  armature.  On 
each  end  of  the  cores  is  a  bobbin  26  cm.  long  and  16  cm. 
diameter,  wound  with  eight  layers  of  copper  wire  8*5  mm. 
square.  The  eight  layers  are  not  joined  on  the  bobbins,  but 
form  so  many  independent  conductors,  the  terminals  of  which 
are  carried  to  a  commutator  on  the  base  of  the  machine.  The 
commutator  serves  to  combine  the  wires  into  one  continuous 
conductor  having  a  resistance  a  little  less  than  one  ohm,  or 
into  4,  8  or  82  conductor  in  multiple  arc. 

The  wires  from  the  four  brushes  which  collect  the  currents 
from  the  armatures  are  carried  to  another  commutator,  which 
serves  to  join  the  two  armatures  in  series  or  in  multiple  arc 
with  the  coils  of  the  inducing  magnet  in  the  main  circuit,  or  to 
put  one  armature  in  circuit  with  the  magnet  coils,  while  the 
other  communicates  with  the  terminals  of  the  machine  and 
furnishes  the  useful  current. 

Preparations  were  commenced  for  making  a  complete  series 
of  tests  of  the  working  of  the  machine,  but  it  had  been  decided 
to  send  the  machine  to  the  Centennial  exhibition,  and,  as  the 
preparations  could  not  be  completed  in  time,  only  a  few  tests 
were  made.  Large  German-silver  wires  were  stretched  across 
the  room  to  serve  as  resistance,  as  described  by  Professor  Pick- 
ering in  his  account  of  the  tests  of  the  Farmer  machine  at  the 
Institute  of  Technology  in  Boston.  For  measuring  the  cur- 
rents, a  tangent  galvanometer  was  especially  constructed,  and 
its  constants  determined  from  a  large  number  of  experiments 
with  the  copper  voltameter. 

The  tables  below  give  some  of  the  results  of  the  experiments. 
The  observations  and  computations  were  made  under  my  direc- 
tioBj  principally  by  Mr.  M.  M.  Garver,  now  a  graduate  of  this 
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University  in  the  department  of  Chemistrv  and  Physics.  More 
extended  tests  will  be  made  after  the  machine  returns  from  the 
exhibition,  when  a  dynamometer  will  be  procured  to  measure 
the  power  consumed. 

TABLE  I. 

Annatures  joined  in  series ;  resistance  \  ohm. 

Magnetic  coils  joined  in  series ;  resistance  1  ohm  (nearly). 


No.  of  reyolutions 
per  minute. 

E.  M.  F.  Volts. 

Total  resistance. 
Ohms. 

Cnrrent    Webers. 

643 
672 
660 
419 

68-9 
6406 
617 
36*85 

6-74 
1106 
141-6 
1106 

10-22 
4-91 
-0364 
3-36 

TABLE  U. 

One  armature  supplying  the  useful  current,  the  other  in  circuit  with  magnet 
coils  which  were  joined  in  series. 


No.  of  reyolutions 
per  minute. 

E.  M.  P.  Volts. 

Total  resistance 

of  useful  circuit 

Ohms. 

Useful  current 
Webers. 

323 

241 

4-39 

5-49 

319 

23-8 

3-67 

6-50 

313 

23*34 

2-82 

8-27 

309 

23-28 

2-66 

8-78 

309 

2317 

9-81 

2*36 

309 

261 

1919 

1*31 

309 

25*8 

62*96 

•40 

279 

18*7 

62*95 

•30 

279 

16*6 

2*82 

6*88 

Only  one  experiment  with  the  armatures  in  multiple  arc 
was  performed,  and  in  this,  a  water  voltameter,  having  platinum 
plates  6x8  cm.  enclosed  in  separate  tubes  to  deliver  the  two 
gases  separately,  was  includea  in  the  circuit  The  magnet 
coils  were  joined  to  give  four  circuits  in  multiple  arc,  having  a 
resistance  altogether  of  jV  ohm.  The  resistance  of  the  arma- 
tures in  multiple  arc  is  i  ohm.  Hydrogen  gas  was  delivered 
at  the  rate  of  257  c.c.  per  minute,  which  corresponds  to  a 
current  of  about  48  Webers.  The  speed  in  this  experiment 
was  not  recorded,  but  could  not  have  oeen  far  from  320  revo- 
lutions per  minute.  I  speak  of  the  experiment  only  to  show 
the  range  of  adaptability  of  the  machine. 

A  series  of  experiments  was  made  to  determine  the  character 
of  the  light  produced  by  the  machine,  with  the  following  gen- 
eral result : 

Number  of  revolutions  per  minute,  487  to  626. 

Current  by  galvanometer,  10*6  to  11*6  Webers. 

Resistance  of  light,  about  4  ohms. 

Entire  resistance,  5*65  ohms. 

Intensity  of  light  (average),  1600  caudXe^. 
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The  intensity  of  the  light  was  determined  by  first  compar- 
ing it  with  that  of  a  coal-oil  lamp  and  then  comparing  the 
latter  with  a  standard  candle. 

In  all  these  experiments  the  machine  was  driven  by  a  five 
horse  power  oil  engine,  known  as  "Brayton's  Ready  Motor," 
built  by  the  *'New  York  and  New  Jersey  Ready  Motor  Com- 
pany." An  interesting  fact  appeared  upon  comparing  the  oil 
used  by  the  engine  with  that  consumed  by  the  lamp  used  for 
comparison  with  the  electric  light  The  lamp  had  a  flat  wick 
one  inch  wida  This  was  carefully  trimmed  and  the  light  care- 
fully adjusted  before  the  experiments.  The  experiments  con- 
tinued four  and  a  half  hours,  during  which  time  the  lamp 
burned  c(»ntinuously.  The  lamp  consumed  per  hour  29*8  grms. 
of  oil.  The  electric  light  was  equivalent  to  234  lamps,  that  is, 
equivalent  to  the  light  produced  by  the  combustion  of  6973 
grms.  of  oil  per  hour.  The  engine  consumed  three  kilograms 
of  a  light  gravity  crude  petroleum  per  hour. 

It  would  seem,  therefore,  that  the  combustion  of  the  oil  in 
the  engine  produces,  afler  the  transformation  of  the  energy 
evolved,  first  into  mechanical  power,  then  into  the  electric  cur- 
rent, and  lastly  into  light,  nearly  three  times  as  much  light  as 
when  consumed  in  the  ordinary  lamps. 

I  would  add  that,  while  the  machine  produces  a  very  effi- 
cient light,  which  I  have  used  with  great  satisfaction  in  my 
lectures,  it  is  not  so  well  adapted  as  it  might  be  to  this  partic- 
ular purpose.  The  electromotive  force  developed  is  too  small, 
and  the  internal  resistance  of  the  machine  too  small,  for  the 
best  eflect  with  the  light  The  small  resistance  of  the  ma- 
chine makes  the  regulation  of  the  light  difficult  (The  regula- 
tor used  was  the  Foucault)  For,  the  light  being  about  two- 
thirds  the  resistance  of  the  circuit,  any  change  in  the  relative 
position  of  the  carbons,  changes  materially  the  entire  resis- 
tance, and  this,  since  the  coils  of  the  inducing  magnet  are  in 
the  main  circuit,  makes  a  very  great  difference  with  the  cur- 
rent 

To  make  a  more  perfect  machine  for  the  production  of  the 
light  and  retain  the  advantages  it  now  possesses  for  other  pur- 
poses, it  is  proposed  to  construct  a  new  armature,  using  finer 
wire  and  a  greater  number  of  coils,  and  connect  the  terminals 
of  these  with  a  commutator  that  will  permit  them  to  be  joined 
in  series  as  usual,  or  in  multiple  arc  in  groups  of  two  or  three, 
these  groups  being  joined  in  series  as  though  they  were  single 
coils.  Such  an  arrangement  will  produce  a  machine  which  can 
be  readily  adapted  to  the  various  conditions  of  external  resis- 
tance met  with  in  electrical  experiments. 

Physical  Department,  Cornell  Univorsitj,  Ithaca,  N.  Y.,  July  24,  1876. 
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Abt.  XXXn. —  On  Hie  Sea-bottom  Deposits  observed  during  the 
Cruise  of  the  Challenger  in  a  report  to  Prof.  Wyville  Thomson  ; 
by  John  Murray,  Esq.,  naturalist  of  the  expedition.* 

The  kinds  of  deposits  obtained  in  soundings  by  the  Challen- 
ger, may  for  the  present  be  classed  under  the  following  heads : — 

1.  Shore-deposits, 

(a)  Blue  and  green  muds. — Met  with  near  the  shores  of  most 

of  the  great  continents  and  islands, 
(ft)  Gray  muds  and  sanda — Met  with  chiefly  near  oceanic 

islands  of  volcanic  origin, 
(c)  Red  mud. — Met  with   on   the  eastern  coast  of  South 

America, 
(rf)  Coral-mud. — Met  with  near  coral  reefs. 

2.  Globigerina-ooz^. — An  abundant  oceanic  deposit  not  met  with 

south  of  latitude  60°  S. 

3.  Radiolarian  ooze. — An  oceanic  deposit  met  with  only  in  the 

Western  and  Middle  Pacific 

4.  Diatomaceous  ooze. — An  oceanic  deposit  met  with  only  south 

of  60°  &  latitude. 

5.  Red  and  Cray  Clays. — The  most  abundant  oceanic  deposit 
The  above  names  have  been  selected  as  indicating  those  ele- 
ments which  give  the  predominating  character  of  ihe  deposit. 
As  a  rule,  when  the  debris  of  continents  or  islands,  the  dead 
shells  of  Foraminifera,  the  exuviae  of  Radiolarians,  etc.,  the  frus- 
tules  of  Diatoms,  or  red  or  gray  clayey  matter — when  any  of 
these  have  appeared  to  make  up  considerably  more  than  one 
half  of  the  specimen  under  examination,  it  has  been  called  a 
shore-deposit,  a  Globigerina,  Radiolarian,  or  Diatom  ooze,  or  red 
or  gray  clay. 

Sometimes  it  has  been  doubtful  whether  a  specimen  should 
be  placed  under  one  of  the  above  heads  or  another,  on  account 
of  the  nearly  equal  ratio  of  constituents,  or  where  one  deposit 
overlies  another  of  a  different  kind.  In  these  cases  the  speci- 
men has  been  placed  under  that  head  with  which,  on  a  general 
view,  it  has  seemed  to  have  most  in  common,  or  to  which  the 
surface-layer  belonged,  and  a  detailed  description  has  been 
added  in  the  list 

A  sixth  kind  of  deposit  or  formation  might  have  been  added, 
to  embrace  those  bottoms  in  which  a  great  quantity  of  the 
peroxide  of  manganese  ocoMTS.     This  substance,  in  the  form  of 

*  From  the  Proceedings  of  the  Royal  Society,  vol.  zxiv,  No.  170.  The  general 
remarks  here  cited  are  preceded  in  the  Report  by  detailed  descriptions  of  each  of 
the  somidings  in  the  course  of  the  expedition.  These  notes  and  conclusions  are 
from  a  preliminary  report,  which  is  soon  to  be  followed,  now  that  the  expedition 
has  returned,  with  a  fuller  statement. — Eds. 
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nodules  or  concretions,  of  incrustations  or  in  grains,  has  been 
found  in  nearly  all  sea-deposits  and  at  all  depths  in  more  or  less 
abundanca  However,  for  the  present  it  has  been  considered  best 
to  treat  of  its  occurrence  separately,  at  the  same  time  pointing 
out  those  regions  where  we  have  found  it  in  greatest  abundance. 

A  few  remarks  may  now  be  made  upon  each  of  the  kinds  of 
deposits  indicated. 

1.  Sfiore-deposits, — It  has  been  found  that  the  deposits  taking 
place  near  continents  and  islands  have  received  their  chief  char- 
acteristic From  the  presence  of  the  ddbris  of  adjacent  lands.  In 
some  cases  these  deposits  extend  more  than  150  miles  from  the 
coast  Several  varieties  can  be  recognized  among  these  shore- 
deposits. 

(a)  Blue  and  Oreen  Muds, — In  the  great  majority  of  cases  the 
deposits  near  continents  and  large  islands,  containing  the  older 
and  crystalline  rocks,  have  been  of  a  blue  or  OTeen  color;  the 
only  exception  appears  to  be  the  east  coast  of  South  America, 
where  we  have  a  red  mud,  to  be  presently  referred  to. 

In  from  100  to  700  fathoms  these  deposits  are  often  of  a 
green  color,  due  to  the  presence  of  a  green  amorphous  clayey 
matter,  and  dark  and  pale  green  glauconite  particles.  Beyond 
700  fathoms  they  are  usually  of  a  blue  or  dark  slate-color,  hav- 
ing a  thin  upper  layer  of  a  red  or  brown.  This  red  layer  is  a 
sort  ooze,  whilst  the  blue  mud  or  clay  beneath  is  very  compact 
and  tenacious.  Much  amorphous  clayey  matter  and  fine  parti- 
cles of  mica,  quartz,  and  other  minerals  are  found  in  all  these 
deposits,  the  mineral  particles  increasing  in  size  as  we  approach 
the  land. 

Down  to  1500  fathoms,  we  have  generally  found  that  Ptero- 
pod,  larval  Gasteropod,  and  Lamellibranch  shells  were  tolerably 
abundant,  and  that  there  were  many  of  the  shore  forms  of 
Foraminifera,  as  Textularias,  Eotularias,  Nodosarias,  Uviger- 
inas,  Lagenas,  etc.  Pelagic  Foraminifera  occur  throughout  the 
deposit,  but  not  in  such  abundance  as  in  a  true  ocean-deposit 
The  frustules  of  Diatoms  and  their  broken  parts  are  numerous. 
Manganese  grains  are  found  in  many  of  the  bottoms,  usually  in 
the  deeper  soundings.  We  have  also  found  imbedded  in  these 
muds  pieces  of  wood,  fruits,  portions  of  fruits,  and  leaves  of 
trees.    Large  pieces  of  rock,  as  pumice  and  granite,  and  rounded 

Eebbles  also  occur.  Our  st>undings  near  the  southern  ice- 
arrier  were  muds  of  a  blue  color,  containing  many  granitic 
and  other  pebbles  and  blocks,  mostly  rounded,  and  many 
Diatoms,  and  resembled  in  most  respects  the  deposits  we  found 
off  the  east  coast  of  North  America,  Halifax  to  New  York. 

Beyond  1500  or  1700  fathoms,  Pteropod  and  Heteropod 
shells  are  usually  not  found,  and  in  8000  fathoms  hardly  a 
Foraminiferous  or  other  carbonate-of-lime  organism  remains. 
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Siliceous  organisms  occur  at  all  depths,  but  at  times  their 
remains  would  seem  to  be  completely  removed. 

These  green  and  blue  muds  nave  oeen  found  to  prevail  in  all 
the  enclosed  seas  we  have  visited,  as  Arafura,  Banda,  Celebes, 
and  China  seas.  Inland  Sea  of  Japan ;  and  in  all  these  the  car- 
bonateof-lime  organisms  would  appear  to  be  removed  from  the 
bottoms  in  depths  less  by  some  400  or  500  fathoms  than  on 
open  coasts. 

In  the  green  muds  from  50  to  700  fathoms  we  have  found 
those  beautiful  casts  of  Foraminifera,  Pteropods,  JEchiniapineSj 
and  other  carbonate-of-lime  organisms,  irequently  in  great  num- 
bers. These  are  of  a  dark  green,  pale  green,  and  dirty  white 
color.  In  all  cases  where  these  green  internal  casts  occur  we 
have  many  glauconite  grains  in  the  bottom.  Beyond  700 
fathoms  these  casts  seldom  occur,  and  when  they  do  they  are 
very  sparingly  distributed ;  and  the  same  may  be  said  of  the 
glauconite  grains  which  accompany  them.  River-muds,  in 
which  Pteropods,  Radiolaria,  and  pelagic  Foraminifera  are 
usually  wanting,  are  included  in  these  deposits. 

The  following  are  the  localities  in  which  we  have  found  the 
blue  muds  (an  asterisk  before  the  locality  indicates  that  glau- 
conite casts  and  grains  have  been  found  there) : 

*  OflF  coast  of  Portugal ;  off  Virgin  Islands  (?) ;  *  off  coast 
of  North  America,  Halifax  to  New  York;  off  Guinea,  coast  of 
Africa ;  *  off  Cape  of  Good  Hope :  off  Antarctic  ice-barrier  ; 
*  off  Australia ;  *  off  New  Zealand ;  *  off  New  Guinea  and 
Phillipines,  and  throughout  the  seas  of  the  East-Indian  archi- 
pelago ;  *  off  Japan ;  off  east  coast  of  South  America. 

The  following  are  the  depths  of  the  soundings  which  have 
been  placed  under  this  head : — 


Blue  Muds. 

fma. 

flHR. 

fms. 

fnis. 

fms. 

fmfi. 

Ana. 

1126 

600 

2020 

1300 

40 

2100 

2000 

1290 

3875 

1760 

2200 

32 

700 

1076 

1475 

2425 

2600 

400 

1100 

90 

2250 

1380 

1700 

2325 

160 

700 

160 

20 

1800 

1240 

1260 

140 

2800 

375 

2676 

1000 

1350 

1676 

75 

1425 

2225 

1876 

525 

1340 

1800 

39 

2660 

2050 

2225 

900 

1250 

i 

9re€n  Muds, 

} 

fnis. 

fmB, 

fnis. 

fms. 

fms. 

fmfl. 

470 

100 

1^0 

400 

680 

705 

245 

560 

150 

660 

10 

129 

186 

665 

80 

2200 

960 

70 

255 

37 

775 

75 

290 

1200 

800 

100 

162 
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(6)  Gray  Muds  and  Sands, — Near  volcanic  islands  we  have 
found  that  the  deposits  have  a  distinctive  character,  from  the 
presence  of  the  ddbris  of  volcanic  rocks.  The  presence  of  pieces 
of  pumice,  scoria,  etc.,  prevents  this  deposit  having  that  clayey 
character  so  characteristic  of  the  blue  mud.  The  color  is  gener- 
ally gray,  but  occasionally  is  a  black  sand  or  a  more  or  less 
slate-colored  mud.  In  some  places  the  shells  of  oceanic  organ- 
isms make  up  a  large  part  of  these  muds. 

Down  to  about  fifteen  hundred  fathoms  we  have  Pteropod, 
Heteropod,  and  surface  Gasteropod  shells,  and  the  shore  forms  of 
Foraminifera  are  common.  Deeper  than  1500  fathoms,  Pteropod 
shells  are  rare  or  entirely  removed.  Pelagic  Foraminifera  are 
found  at  all  depths ;  but  occasionally  they  and  the  siliceous 
organisms  are  quite  absent  at  a  depth  of  little  over  2000  fath- 
oms, and  then  we  have  a  clay  or  mud  with  many  small  particles 
of  pumice,  scoria,  etc.  Manganese  appears  to  be  intimately  as- 
sociated with  some  of  these  bottoms,  especially  where  the  debris 
of  augitic  lavas  are  present,  as  at  Sandwich  Islands,  Canaries, 
and  elsewhere.  Off  the  Desertas,  in  670  fathoms,  all  the  dead 
shells,  pieces  of  Polyzoa,  etc.  had  a  slight  coating  of  this  sub- 
stance, and  we  have  had  indications  of  the  same  thing  in  even 
less  depths.  In  1100  fathoms  off  the  Canaries  some  pieces  of 
shell  had  rather  a  thick  coating;  and  in  1575  fathoms,  not  far 
from  this  place,  the  dredge  brought  up  a  great  quantity  of  a 
Gorgonoid  axis  deeply  imbedded  in  or  coated  with  this  black 
oxide  of  manganese. 

In  some  localities  this  deposit  extends  to  a  great  distance 
from  the  islands,  as  at  Hawaii,  200  miles  or  more. 

The  following  are  the  depths  of  the  soundings  which  we  have 

classed  as 

Ghray  Mud, 


fms. 

fms. 

fms. 

fma 

fms. 

fms. 

fmR. 

670 

7 

1000 

260 

20  to  100 

2160 

2660 

1160 

640 

1125 

360 

76 

2600 

1526 

930 

1750 

1070 

1100 

520 

1050 

420 

1500 

620 

1000 

50 

630 

500 

590 

278 

1890 

1675  (?) 

150 

600 

2050 

620 

630 

1525 

466 

600 

1200 

2876 

680 

660 

450 

675 

Occasionally  a  few  casts  of  the  Foraminifera  have  been  ob- 
served of  a  red  color.  These  were  usually  very  rough,  and  had 
not  the  delicate  hues  of  the  green  glauconite  casts.  One  very 
remarkable  exception  occurs: — off  the  Crozets  there  were  (in 
600  fathoms)  many  beautiful  casts  of  the  carbonate-of-lime  or- 
ganisms of  a  pale  straw-color.  None  of  the  glauconite  grains 
were  noticed  in  the  same  sounding  or  locality. 

(c)  Red  Mud, — ^It  has  already  been  statea  that  the  deposit 
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along  the  east  coast  of  South  America,  from  Cape  San  Eoque 
to  Bahia,  diflfered  from  the  deposits  found  along  the  shores  of 
other  continents  and  large  islands  in  being  of  a  red  color.  There 
can  be  little  doubt  but  that  this  red  color  is  due  to  the  presence 
of  the  ochreous  matter  carried  into  the  Atlantic  by  the  South 
American  rivers.  There  are  reasons  for  thinking  that  the  red 
color  of  some  of  the  deep-sea  clays  in  this  region  of  the  Atlantic 
may  have  a  like  origin. 

The  soundings  near  the  shore  and  in  shallow  water  have  a 
deeper  red  color  and  contain  larger  mineral  particles  and  fewer 
organic  remains  than  those  farther  from  land  and  in  deeper 
water.     The  mineral  particles  are  chiefly  quartz  and  mica. 

In  all  these  soundings  there  are  many  pelagic  and  other  Fo- 
raminifern,  Heteropod,  Pteropod,  larval  Qasteropod,  and  Lamelli- 
branch  shells,  Coccoliths,  and  Rhabdoliths.  Siliceous  organic 
remains,  as  of  Diatoms  and  Radiolaria,  are  almost  quite  absent 
in  these  bottoms.  In  some  of  the  shallower  depths  a  few  red- 
colored  casts  of  Foraminifera  were  observed ;  but  these  were 
rare,  rough,  and  more  or  less  imperfect. 

The  following  are  the  depths  of  the  soundings  along  this 
coast: — 

fms.  fms.  fms.  fms.  fms. 


1376 

1660 

32 

1600 

1016 

600 

676 

400 

1200 

1276 

2060 

120 

1715 

700 

2150 

(rf)  Coral'Mud, — This  is  a  deposit  found  in  the  neighborhood 
of  coral  reefs.     It  is  characterized  by  a  large  quantity  of  araor- 

f)hous  calcareous  matter,  by  the  debris  of  coral  reefs,  by  many 
arge  calcareous  forms  of  Foraminifera,  and  by  broken  pieces  of 
Polyzoa,  etc.  All  the  deposits  about  Bermuda  are  of  this  na- 
ture, extending  from  the  edge  of  the  reef  down  to  a  depth  of 
2500  fathoms.  At  1000  fathoms  the  mud  assumes  a  rose  tinge ; 
this  deepens  into  a  red  color  with  greater  depth,  and  the  accom- 
panying decrease  of  carbonate  of  lime  and  increase  of  clayey 
matter,  until  the  coral-mud  merges  into  the  red  and  gray  clays 
of  the  surrounding  ocean.  About  Bennuda  very  few  mineral 
particles  were  found.  In  some  of  the  soundings  to  the  S.  W.  of 
the  island  there  were  some  small  pieces  of  a  green  rock  like 
those  at  St  Paul's  Rocks,  and  probably  serpentine.  One  or  two 
pieces  of  quartz,  or  sanidin,  a  piece  of  mica,  and  a  small  piece 
of  pumice  (?)  were  also  noticed.  Dissolving  away  carbonate  of 
lime  in  some  of  the  shallower  soundings  only  a  trace  of  clayey 
matter  remained  with  a  perceptible  rose  tinge.  No  casts  of  the 
Foraminifera  were  noticed  about  Bermuda. 

At  the  Virgin  Islands,  at  Tongatabu,  at  Fiji  Islands,  at  Cape 
York,  Admiralty  Islands,  Honolulu,  and  Tahiti  we  also  met 
with  coral-muds.     Except  at  Cape  York,  these  muds  appeared 
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to  exist  as  a  narrow  band  around  the  land,  and  had  Uflaally  a 
considerable  admixture  of  clayey  matter  and  mineral  particlea 
Where  there  was  much  clayey  matter  we  found  usually  a  few 
rough  red  casts  of  the  Foraminifera. 

The  following  is  a  list  of  the  depths  of  the  soundings  included 
under  coral-muds : — 

At  other  plaoes. 


At  Bermudft. 

fma. 

fmH. 

fms. 

2250 

2100 

1250 

1820 

1950 

1575 

950 

2650 

1500 

430 

1325 

200 

1375 

1076 

37 

2450 

fms.  fins. 

140  I    .      26 

210  j  100 

610  )  40 

70  [  90 

25  )  100 

16 

2.  Globigerina-oosy. — After  the  deep-sea  clays,  this  is  the  most 
abundant  deep-sea  deposit  It  has  occurred  at  all  depths  from 
250  to  2900  fathoms.  The  Globigertncej  which  give  at  once  the 
name  and  chief  characteristic  to  this  deposit,  are  really  found  all 
over  the  bottom  of  the  ocean.  Even  in  our  deepest  clays,  if  the 
surface-layers  be  selected  and  all  the  amorphous  matter  be 
washed  away,  one  or  two  shells  of  some  variety  of  pelagic  Foram- 
inifera can  usually  be  detected.  By  pursuing  this  method  I  have 
failed  only  on  one  or  two  occasions.  They  appear  to  be  quite  ab- 
sent in  the  Arafura  Sea.  It  is,  however,  when  they  occur  in  vast 
numbers  that  they  form  the  deposit  known  by  this  name;  at 
least  such  is  the  sense  in  which  it  is  here  used.  We  did  not 
find  a  Globigerina-ooze  in  any  of  the  enclosed  seas,  in  the  South- 
ern Ocean  south  of  lat.  50°  S.,  nor  in  the  North  Pacific  north  of 
latitude  10°  N. 

In  the  Southern  Ocean  only  one  small  species  of  Olobigertna 
was  found  in  the  surface-waters ;  but  in  the  Norih  Pacific  many 
varieties  of  pelagic  Foraminifera  abound  near  the  surface  of  the 
ocean.  In  other  parts  of  the  preceding  oceans,  and  in  the  other 
oceans  we  have  visited,  it  occurs  in  irregular  patches,  being 
always  present  in  the  open  ocean  when  we  have  depths  pf  less 
than  1800  fathoms.  Its  presence  or  absence  at  depths  beyond 
1800  fathoms  is,  however,  determined  by  conditions  at  present 
unknown.  A  number  of  varieties  occur  both  as  to  color  and 
composition.  Some  specimens  are  nearly  pure  white,  others 
have  a  rose-color,  and  others  are  red  or  dark  brown.  The  red 
and  brown  color  arises  from  the  presence  of  the  oxides  of  iron 
and  manganese.  In  the  white  varieties  the  sediment,  after  dis- 
solving away  the  carbonate  of  lime,  is  in  some  specimens  abun- 
dant, in  others  not  abundant,  and  is  either  of  a  red  or  slate-blue 
color.     We  find  the  former  color  to  prevail  in  those  soundings 
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far  from  continents  and  large  islands,  and  the  sediment  is  not 
abundant  except  where  pumice  or  scoria  is  present  The  latter, 
or  slate-blue  color,  is  found  in  those  soundings  more  or  less  near 
continents  and  large  islands ;  and  it  is  suspected  that  this  sedi- 
ment has  its  source  chiefly  from  the  disintegration  of  these 
adjacent  lands. 

Mica,  quartz,  pumice,  scoria,  and  other  mineral  products  are 
met  with ;  but  in  those  soundings  farthest  from  land  a  little 
piece  of  pumice  or  scoria  may  be  the  only  trace  of  mineral 
particles. 

In  some  specimens  there  are  very  many  remains  of  organisms 
with  siliceous  shells,  as  Radiolaria,  Diatoms  and  Challengerias ; 
but  in  others  these  remains  are  almost  entirely  wanting.  In 
three  soundings  in  mid- Atlantic,  between  the  Canary  and  Virgin 
Islands,  and  in  several  soundings  in  the  South  Pacific,  man- 
ganese in  the  form  of  grains  and  nodular  concretions  is  very 
abundant  As  a  rule,  nowever,  this  substance  occurs  rather 
sparingly  in  Globigerina-ooze.  In  some  instances  we  get  little 
nodules  of  these  bottoms,  the  shells  as  it  were  being  run 
together  by  a  siliceous  cement  Many  small  pieces  of  cherty- 
like  mineral  also  occur,  which  are  angular  and  soft,  and  do  not 
look  as  if  they  had  been  transported.  Manganese  nodules 
occurring  in  the  Globigerina-ooze  have  often  a  nucleus  of  a 
yellow  and  green  color,  in  which  Globigerina-shells  can  be 
seen  ;  but  their  carbonate  of  lime  has  been  entirely  removed, 
and  replaced  by  a  silicate.  There  are  reasons  for  thinking  that 
these  indications  of  flint  (?)  occur  only  in  those  samples  where 
the  siliceous  shells  of  Badiolaria,  Diatoms,  etc.,  are  wanting, 
and  do  not  occur  where  these  organisms  are  present  A  reex- 
amination of  all  the  bottoms  must  be  made  before  this  statement 
can  be  definitely  affirmed.  Casts  of  Foraminifera  occur  very 
sparingly  in  Glooiffcrina-ooze ;  in  the  purest  samples  not  at  all. 
In  those  with  an  admixture  of  clayey  matter  we  have  frequently 
one  or  two  partial  casts  of  a  very  rough  chara<yter.  In  two 
soundings,  Isos.  211  and  801,  in  the  Pacific,  we  found  the 
Foraminifera  not  only  filled,  but  also  coated,  with  a  red  sub- 
stance, so  that  we  had  both  an  internal  and  an  external  cast, 
the  two  being  connected  by  little  rods  representing  the  foramina 
of  the  shelL  In  these  soundings  there  was  much  clayey  matter 
and  disintegrating  pumice  and  scoria. 

In  a  few  soundings  in  the  Pacific,  as  No.  804,  we  have  had 
a  Globigerina-ooze  on  the  surface  of  the  bottom,  and  a  foot 
beneath  a  nearly  pure  red  or  brown  clay.  Again,  as  in  Nos. 
268  and  807,  we  have  the  reverse  arrangement,  a  clay  occupying 
the  surface,  and  the  deeper  layers  having  many  Ghbigeinnce. 
In  all  these  cases  the  surface-layer  has  been  normal  with  the 
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other  souDdines  in  the  same  region  as  to  depth.  In  the  first 
case  we  might  bring  in  elevation  to  account  for  the  Globigerina- 
ooze  overlying  the  red  clay,  or  we  might  suppose  that  chemical 
changes  are  going  on  in  the  deeper  layers  which  remove  the 
carbonate  of  lime.  In  the  second  case  we  may  account  for  a 
red  clay  overlying  a  deposit  with  many  Globtgermce  in  it  by 
supposing  a  depression  of  the  bottom  after  the  latter  had  been 
laid  down ;  or  we  may  believe  that  agencies  are  now  removing 
carbonate  of  lime  from  the  surfece-layer,  and  that  these  were 
not  active  in  some  past  tima 

This  deposit  occurs,  in  one  sounding,  in  the  Pacific  at  a 
depth  of  2925  fathoms  in  mid-ocean.  In  the  eastern  part  of 
the  Atlantic  it  occurs  also  at  great  depths. 

The  following  is  a  list  of  the  depths  at  which  we  have  found 
a  Globigerina-ooze : — 

Atlantic  Ocean, 


fma. 

fins. 

fms. 

fms. 

fms. 

fmB. 

1090 

1900 

2200 

1350 

1425 

2276 

1525 

1950 

1675 

900 

1650 

2476 

2250 

2325 

1676 

2025 

2300 

2200 

2225 

1420 

1240 

2660 

2300 

2160 

1945 

2575 

1000 

2675 

2400 

2275 

1976 

2450 

2500 

2400 

2400 

2050 

1150 

2475 

2275 

1500 

2075 

1900 

2800 

2175 

1850 

1900 

780 

2026 

2025 

Southern  Ocean. 

fmB. 

fms. 

fms. 

fma 

fmB, 

fins. 

1900 

1570 

1376 
Pacific 

1600 
Ocean. 

1800 

2160 

1974 

1350 

1676 

2925 

1915 

1500 

1100 

1450 

2000 

2425 

1600 

1826 

275 

1700 

1100 

1940 

2025 

1776 

400 

1400 

1850 

2075 

8.  Radiolarian  Ooze, — Organisms  with  the  siliceous  skeletons 
abound  in  the  surface-waters,  and  apparently  also  in  the  deepest 
waters,  of  all  the  oceans  and  seas  we  have  visited.*  The  skel- 
etons of  these  organisms  are  found  in  all,  or  almost  all,  the 
sea-bottoms.  Even  in  those  cases  where  at  first  sight  they 
would  seem  to  be  quite  absent,  a  more  careful  examination  (by 
dissolving  away  a  large  quantity  of  carbonate  of  lime  where 
this  exists,  and  examining  the  sediment  by  careful  washing  in 
the  case  of  clays,  etc.)  will  usually  reveal  a  Kadiolarian  skeleton, 
a  Diatom  frustule,  or  broken  portions  of  these. 

*  They  are,  however,  much  more  numerous  in  the  Paoiflc  than  in  the  Atlantic, 
especially  in  the  equatorial  waters. 
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It  is,  however,  only  in  some  limited  areas  that  these  exuvisD 
rise  into  such  prominence  as  to  be  characteristic  of  the  deposit 
taking  place.  Such  is  the  case  in  the  Antarctic,  where  we 
have  a  jDiatom-ooze,  and  in  the  Western  and  Middle  Pacific, 
where  we  have  the  above  deposit 

Our  deepest  sounding  (4475  fathoms  or  4675)  was  a  Badiola- 
rian  ooze;  with  the  exception  of  a  little  amorphous  matter, 
manganese  particles,  a  few  yellow  cherty-like  particles,  and 
some  pumice  pieces,  this  bottom  was  entirely  composed  of  the 
exuviae  of  organisms  with  siliceous  skeletons — as  Radiolaria, 
one  or  two  Diatoms,  and  some  organisms  which  seem  to  be 
undescribed  (Challengerias),  but  which  are  numerous  in  the 
deeper  waters  of  the  Pacific. 

A  section  of  about  three  inches  came  up.  The  upper  two  were 
of  a  red  color,  due  to  the  presence  of  much  manganese ;  the 
lower  one  was  of  a  pale  straw-color,  and  contained,  relatively 
few  manganese  grains. 

In  our  trip  from  the  Sandwich  Islands  to  the  Society  Islands 
we  again  met  with  Eadiolarian  ooze.  Between  7°  and  12° 
north  of  the  equator  we  came  on  a  patch  represented  by  four 
soundings,  some  of  these  containing  not  a  smgle  Olohigerina  ; 
then  just  on  the  equator,  in  two  soundings,  one  at  a  depth  of 
2925  fathoms,  we  got  a  Globigerina-ooze  containing  a  good 
many  Radiolaria.  Between  2°  and  10°  south  we  again  had  a 
patch  of  Radiolarian  ooze  represented  by  three  soundings,  and 
containing  only  a  few  pelagic  Foraminifera  or  their  broken 
parts.  The  occurrence  of  this  patch  of  Globigerina-ooze  in 
the  position  indicated,  and  the  comparative  or  total  absence 
of  the  Globigerina-shells  in  the  deposits  a  little  to  the  north 
and  south  of  it,  is  suflBciently  curious  and  significant  It  will 
be  well  to  note  that,  in  the  Globigerina -patch,  manganese  and 
other  mineral  particles  are  much  less  abundant  than  in  the 
adjacent  Radiolarian.  Note  also  the  presence  of  the  south 
equatorial  current  and  the  dip  of  some  isotherms  over  the 
Globigerina-patch.  One  or  two  soundings  to  the  east  of  Japan 
might  have  been  classed  under  this  head ;  but  in  them  the 
siliceous  remains  do  not  make  up  over  one  third  of  the  sample 
in  bulk.  Generally  it  may  be  said  that  in  the  Western  and 
Middle  Pacific  the  siliceous  remains  of  Radiolaria  and  Diatoms 
are  abundant  in  the  deposits,  whereas  in  the  South  Pacific  and 
Atlantic  they  are  much  less  so,  or  absent  in  the  bottoms. 

The  following  are  the  depths  of  the  soundings  placed  under 
the  head  of  Radiolarian  ooze : — 


fma. 

fXDB. 

fms. 

fmH. 

4676 

2700 

2260 

2360 

4476 

2900 

2600 

2760 

2760 
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4.  Diatomaceotis  Ooze, — South  of  the  latitude  of  the  Orozets, 
on  our  southern  trip,  we  found  Diatoms  abundant,  both  in  the 
surface  waters  and  m  the  bottom. 

About  the  Crozets,  Kerguelen,  M'Donald*a  Islands,  and  close 
to  the  ice-barrier,  the  frustules  of  these  organisms  were  very 
abundant  in  the  soundings,  but  were  masl^ed  by  ^ch  land- 
debris.  Between  the  parallels  of  68°  and  6S°  S.,  i^B  between 
the  north  edge  of  the  ice  and  the  latitude  of  McDonald's  Islands, 
we  got  in  three  soundings  a  pale  straw-colored  deposit,  com- 
posed principally  of  the  frustules  of  Diatoms  and  their  broken- 
down  parts.  In  addition,  they  contained  a  good  many  Badio- 
larian  remains,  a  few  specimens  of  one  small  species  of  Globi- 
gertna,  a  few  particles  of  mica,  quartz,  and  granitic  pebbles,  also 
a  little  amorphous  blue  clayey  matter.  No  manganese  particles 
were  noticed.  The  one  of  tnese  soundings  which  is  nearest  to 
the  ice  contains  much  amorphous  clayey  matter  and  larger 
mineral  particles  than  the  other  two.  When  dried  this  deposit 
is  of  a  white  color,  and  is  very  light 

The  depths  of  the  soundings  referred  to  above  are  1260,  1975, 
and  1950  fathoms. 

5.  Bed  and  Gray  Clays. — By  far  the  most  abundant  oceanic 
deposits  are  the  deep-sea  clays.  These  are  of  a  gray,  red,  or 
dark  chocolate-color,  and  are  found  at  depths  greater  than  2000 
fathoms.  The  red  and  chocolate-colors  of  many  of  these  clays 
are  due  to  the  presence  of  oxide  of  iron  in  the  first  and  oxide  of 
manganese  in  the  latter  instance.  Most  of  them  contain  some 
carbonate  of  lime  in  the  form  of  Globigerina  shells ;  in  one  or 
two  instances,  however,  I  have  not  been  able  to  find  a  single 
shell,  nor  has  acid  caused  the  least  bubble  of  effervescence. 
The  remains  of  siliceous  organisms  occur  also  in  great  numbers 
in  the  clays  of  some  regions — so  much  so  that,  as  I  have  stated, 
some  of  those  soundings  in  the  Northwest  Pacific  which  have 
been  classed  as  clays  might  have  been  called  Badiolarian  ooze. 
In  most  places,  towever,  they  are  nearly  or  quite  absent 
These  clays  are  not  amorphous  in  the  true  sense  oi  the  word — 
not  amorphous  in  the  sense  in  which  a  chemical  precipitate  is 
amorphoua  They  all  contain  small  white  and  other  colored 
mineral  particles  in  great  abundance— exceedingly  small  par- 
ticles, so  as  to  be  recognized  only  under  the  high  powers  of 
the  microscope.  They  contain  amorphous  matter,  it  is  true; 
but  it  is  doubtftil  if  this  ever  makes  up  so  much  as  a  half  of 
any  sample  in  bulk.  They  also  contain  larger  mineral  particles, 
as  quartz,  mica,  pumice,  scoria,  peroxide  of  manganese,  and 
other  mineral  particles.  Quartz  and  mica  particles  appear  to 
be  present  only  in  some  localities,  as  the  North  Atlantic  and 
elsewhere.  Peroxide  of  manganese  is  perhaps  always  present 
in  the  form  of  grains  or  nodules,  sparingly  distributed  in  some 
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regions,  in  others  making  up  nearly  a  half  of  the  deposit  or 
formation. 

Pumice  (the  common  feldspathic  or  the  highly  vesicular 
augitic  variety)  and  scoria  appear  to  be  universally  distributed 
over  the  bottom  of  the  ocean,  and  to  be  abundant  in  most  of 
the  deep-sea  clays  and  present  in  them  all.  In  those  clays 
farthest  fh)m  continents  and  islands,  sharks'  teeth,  ear-bones  of 
whales,  other  bones  of  whales,  and  bones  of  turtles  (?)  are  very 
frequently  found,  all  these  having  usually  a  more  or  less  thick: 
coating  of  peroxide  of  manganese.  The  following  are  the 
depths  at  which  we  have  found  these  red  and  gray  clays : — 

Atlantic, 


fills. 

fms. 

fms. 

fms. 

fms. 

fms. 

fms. 

2740 

2675 

3025 

2475 

2650 

2875 

2700 

2950 

2435 

2800 

2600 

2500 

2750 

2350 

2750 

2385 

2960 

2850 

2360 

2750 

2275 

2800 

2675 

2850 

2675 

2575 

2700 

2550 

3150 

3000 

2700 

2800 

2850 

2750 

2650 

2720 

2975 

2600 

2650 

Southern  and  Pacific  Oceans, 

fins. 

fms. 

fms. 

fois. 

fms. 

fms. 

fms. 

2600 

2275 

2500 

2900 

2740 

3000 

2250 

2600 

2550 

2425 

2775 

3125 

2900 

2335 

2600 

2650 

3900 

2050 

2025 

2610 

2270 

2900 

2450 

3600 

2530 

2850 

2350 

2400 

2650 

2325 

2900 

2900 

2950 

2325 

2600 

2325 

2300 

2300 

2300 

2875 

2385 

2550 

2450 

2475 

2575 

2350 

2775 

2450 

2300 

2440 

2450 

2800 

2900 

2225 

2375 

6.  The  Manganese  in  Deposits. — The  peroxide  of  manganese, 
in  the  form  of  minute  grains,  concretions,  nodules,  aggregations, 
or  incrustations,  occurs  widely  distributed  in  ocean-deposits. 
It  has  been  met  with  most  frequently  in  the  deep-sea  clays ; 
indeed  it  seems  to  be  present  in  all  of  them,  sparingly  in  some 
localities,  abundantly  in  others. 

It  is,  however,  not  confined  to  these  clays ;  it  has  been  found 
in  most  of  the  other  deposits  and  at  all  depths  greater  than  500 
fathoms.  In  the  Globigerina-  and  Radiolarian-ooze  and  in  the 
clays  it  usually  assumes  the  forms  of  minute  grains,  pellets  and 
nod u lea  In  those  bottoms  to  which  it  rives  a  chocolate  color, 
the  higher  powers  of  the  microscope  show  small,  round,  red- 
brown  grains  of  manganese,  often  with  a  dark  spot  in  the  center. 

The  nodules  vary  from  little  pellets  to  masses  of  a  large  size 
and  of  several  pounds  in  weight.  In  some  regions  everything 
at  the  bottom,  even  the  bottom  itself,  would  appear  to  be  over- 
laid by  and  impregnated  with  this  substance.  In  the  foregoing 
list,  as  at  No.  818  and  elsewhere,  some  of  the  nodules  li^.^^ 
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been  described  with  a  little  detail.  The  varieties  which  are 
most  commonly  procured  may  be  here  mentioned  : 

(a.)  Nodulen  of  a  black-brown  color  throughout,  the  manga- 
nese being  laid  down  in  concentric  layers,  which  are  evident 
from  their  enclosing  lines  of  red  clay. 

(6.)  Nodules  having  a  nucleus  of  pumice  which  is  surrounded 
by  concentric  layers,  the  original  nucleus  being  often  very 
deeply  impregnated  by  spider-like  ramifications  of  the  manga- 
nese, or  nearly  the  whole  pumice  may  be  replaced  by  manga- 
nesa  When  pieces  of  bone  have  formed  the  nucleus  we  have 
much  the  same  state  of  things.  The  compact  bone  of  the  tym- 
panies of  cetaceans  does  not,  however,  appear  to  alter  so  rapidly 
as  other  bone;  and  hence  it  may  be  that  we  get  earbones  in 
such  great  numbers. 

Sharks'  teeth  of  all  sizes  (one  was  four  inches  across  the  base) 
are  fi'equent,  and  are  sometimes  surrounded  by  concentric  layers 
of  nearly  an  inch  in  thickness.  A  siliceous  sponge  {Farrea) 
was  found  imbedded  in  two  inches. 

A  mass  of  red  clay  mav  occupy  the  center  of  the  nodule. 
The  nucleus  is  occasionally  a  mottled  yellow-and-green  sub- 
stance, with  agate  bauds  in  some  parts,  and  OlMgerlna^  the  car- 
bonate of  lime  being  replaced  by  silicate  in  these  last  This 
nucleus  can  be  cut  with  a  knife,  like  new  cheese,  or  it  is  hard 
and  brittle,  breaking  with  a  conchoidal  fractura 

Large  flat  aggregations  occur  which  seem  to  have  been  formed 
on  hardened  flat  portions  of  the  bottom. 

The  Globigerina-shells  and  Radiolaria  are  at  times  covered  by 
small  specks  of  the  manganese;  and  in  the  former  these  are 
deposited  in  the  substance  of  the  shell. 

In  several  soundings  and  dredgings  to  the  southwest  of  the 
Canaries  we  got  very  many  large  pieces  of  a  branching  Qorgo- 
noid  which  were  deeply  coated  and  impregnated  with  manga- 
nesa     This  was  in  a  depth  of  from  1 1(>0  to  1576  fathoms. 

In  670  fathoms,  off  the  Desertas,  the  dead  shells,  pieces  of 
coral,  Polyzoa,  etc.,  were  all  coated  with  a  thin  film  of  the  per- 
oxide of  manganese  ;  and  we  have  had  indications  of  the  same 
thing  in  still  shallower  water. 

In  some  of  the  Badiolarian  oozes,  and  in  other  deposits,  we 
have  found  the  manganese  more  abundant  in  the  upper  layers 
than  in  the  lower,  and  vice  versd. 

The  following  are  the  localities  where  we  have  met  the  man- 
ganese in  greatest  quantities : 

Off  the  Canary  Islands ;  Mid- Atlantic,  between  Canary  and 
Virgin  Islands;  southwest  of  Australia;  north  and  south  of  the 
Sandwich  Islands;  north  of  Tahiti;  generally  in  the  South 
Pacific  in  our  course  between  Tahiti  and  Valparaiso. 
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Further  observations  may  show  that  manganese  abounds  in 
those  places  where  we  have  much  of  the  d6bris  of  augitic  lavas. 

7.  Abyssal  Rhizopods^  Bathybius, — The  manganese  nodules, 
sharks'  teeth,  etc.,  which  we  ^ot  in  our  deepest  trawlings  have 
very  frequently  small  branchmg  tubes,  corapased  of  clay  and 
sandy  particles,  running  over  their  surfaces.  These  belong  to 
a  Bhizopodal  organism.  The  sarcode  which  fills  these  tubes 
contains  many  large  brown  pigment-cells,  and  small  bioplasts 
are  collected  in  clumps  at  distances  along  the  length  of  the 
tube,  or  are  scattered  throughout  it 

Tubes  of  a  similar  nature,  but  composed  of  pieces  of  Globi- 
gerina^  Radiolaria,  etc.,  would  appear  to  be  rather  abundant  on 
some  of  the  oozes,  and  to  run  irregularly  over  the  bottom. 

In  the  clays  we  always  get  some  arenaceous  forms  of  Foram- 
inifera  when  there  has  been  a  successful  haul  with  the  trawl. 
Their  shells  are  made  up  of  pieces  of  manganese,  clay,  and  small 
mineral  particles,  and  they  contain  the  same  kind  of  sarcodic 
substance  as  the  tubes  above  referred  to. 

An  attached  calcareous  form  (c.  f.  Oarpenteria)  has  been 
found  in  rather  deep  water,  ^nd  Biloculinas,  Nodosarias,  Trilo- 
culinas,  and  other  forms  have  been  frequently  procured  aliva 
These  last  have  orange-colored  pigment-cells,  in  which  respect 
they  resemble  surface  lihizopods.  A  living  specimen  of  Orbu- 
Una  or  OJobigerina  undoubtedly  from  the  bottom  has  not  yet 
been  met  with. 

In  the  early  part  of  the  cruise  many  attempts  were  made  by 
all  of  the  naturalists  to  detect  the  presence  of  free  protoplasm 
in  or  on  the  bottoms  from  our  soundings  and  dreagings,  but 
with  no  definite  result  It  was  undoubted,  however,  that  some 
specimens  of  the  sea-bottom  preserved  in  spirit  assumed  a  very 
mobile  or  jelly-like  aspect,  and  also  that  nocculent  matter  was 
often  present 

Mr.  Buchanan  determined  that  the  flocculent  matter  was 
simply  the  amorphous  sulphate  of  lime  precipitated  by  spirit 
from  the  sea-water.*  Subsecjuently  a  number  of  experiments 
were  made  upon  the  behavior  of  this  amorphous  precipitate 
-when  precipitated  with  different  quantities  of  spirit  and  when 
treated  with  coloring  solutions.  The  precipitate  was  also  ex- 
amined alone  and  mixed  up  with  some  of  the  ooze.  The  ooze 
was  examined  at  the  same  time,  and  in  the  same  manner,  but 
without  having  been  treated  with  spirit  The  results  were 
briefly  these : 

(a.)  When  sea-water  is  treated  with  twice  its  volume  of  spirit 
or  less,  nearly  the  whole  of  the  amorphous  precipitate  assumes 
the  crystalline  form  in  a  short  time. 

*  See  a  paragraph  from  Mr.  Buchaoaa's  report  on  the  following  page. 
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(6.)  When  treated  with  a  great  excess  of  spirit  the  precipi- 
tate remains  amorphous,  and  assumes  a  gelatinous  aspect 

(c.)  This  gelatinous-like  sulphate  of  lime  colors  with  the  car- 
mine and  iodine  solutions,  and  when  mixed  with  the  ooze  has, 
under  the  microscope,  the  appearances  so  minutely  described 
by  Hackel. 

{d.)  The  ooze  washed  with  distilled  water,  or  taken  just  as  it 
comes  up,  and  treated  in  the  same  manner  with  coloring-solu- 
tion, does  not  show  these  appearances.  The  jelly-like  aspect 
and  the  matter  colored  with  carmine  can  always  be  removed 
from  the  spirit-preserved  specimens  of  the  ooze  by  treating  with 
distilled  water. 

(e.)  In  all  cases  the  jelly-like  or  mobile  aspect  of  the  oozes  is 
found  to  be  due  to  the  presence  of  the  flocculent  precipitate 
from  the  sea-water  associated  with  the  ooze. 

(/)  No  free  albuminous  matter  could  be  detected. 

When  it  is  remembered  that  the  original  describers  worked 
with  spirit-preserved  specimens  of  the  bottom,  the  inference 
seems  fair  that  Bathybius  and  the  amorphous  sulphate  of  lime 
are  identical,  and  that  in  placing  it  among  living  things,  the 
describers  have  committed  an  error.* 

*  Mr.  J.  Y.  Buchanan,  chemist  and  physicist  to  the  Expedition,  makes  the  fol- 
lowing remarks  on  Bathybius  in  his  Report,  p.  605  of  the  Proc.  Boy.  Soc,  toL 
xxiv.  Bead  March  16.  In  connection  with  carhonio  add  I  may  mention  tiiat  I 
have  frequently  tested  waters,  and  especially  bottom- waters,  for  org^anic  matter. 
None  of  the  methods  in  use  for  determining  tJliis  substance  in  drinking-water  giving 
satisfaction  when  applied  to  sea-water,  I  had  to  content  myself  wi£  endeavoring 
to  detect  its  presence.  If  the  jelly-like  orgamsm  which  had  been  seen  by  some 
eminent  naturalists  in  specimens  of  ocean-bottom  and  called  BcUhybiua  really 
formed,  as  was  believed,  an  all-pervading  organic  covering  of  the  sea-bottom,  it 
could  hardly  fail  to  show  itself  when  the  bottom-water  was  evaporated  to  dryness 
and  the  residue  heated.  In  the  numerous  samples  of  bottom-water  which  I  have 
so  examined,  there  never  was  sufficient  organic  matter  to  g^ve  more  than  a  just 
perceptible  grayish  tinge  to  the  residue,  without  any  other  signs  of  carbonization 
or  burning.  Meantime  my  colleague,  Mr.  Murray,  who  had  been  working  aooord- 
ing  to  the  directions  g^ven  by  the  discoverers  of  BcUhybiua^  had  actually  observed 
a  substance  like  "  coag^ated  mucus,"  which  answered  in  every  particular,  except 
the  want  of  motion,  to  the  description  of  the  organism ;  and  he  found  it  in  such 
quantity  that,  if  it  were  really  of  the  supposed  organic  nature,  it  must  necessarily 
render  the  bottom-water  so  rich  in  organic  matter  that  its  presence  would  be 
abundantly  evident  when  the  water  was  treated  as  above  described.  There  re- 
mained, then,  but  one  conclusion,  namely,  that  the  body  which  Mr.  Murray  had 
observed  was  not  an  organic  body  at  all ;  and  on  examining  it  and  its  mode  of 
preparation  I  determined  it  to  be  sulphate  of  lime,  which  had  been  eliminated 
from  the  sea- water  always  present  in  the  mud.  as  an  amorphous  precipitate,  on 
the  addition  of  spirit  of  wine.  The  substance  when  analyzed  consisted  of  sul- 
phuric acid  and  lime;  and  when  dissolved  in  water  and  the  solution  allowed  to 
evaporate,  it  crystallized  in  the  well-known  form  of  gypsum,  the  crystals  being  all 
alike,  and  there  being  no  amorphous  matter  among  them. 

These  observations  were  made  chiefly  on  the  voyage  from  Hong  Kong  to  Yoko- 
hama in  the  first  quarter  of  the  year  1875;  and  it  subsequently  occurred  to  me 
that  an  approximate  determination  of  the  organic  substance  in  sea-water  might 
be  effected  in  the  following  way :  Supposing  the  amount  of  carbonic  acid  in  the 
water  to  be  known,  let  a  little  permanganate  of  potash  be  lulded  to  a  sample  of  it, 
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8.  Origin  of  Deep-Sea  Clays.  Relative  rate  of  Deposition  of 
Deposits,  Conclusion, — ^The  very  wide  distribution  of  pumice, 
vesicular  lava,  or  light  scoriae  has  been  already  alluded  to. 
Some  of  the  bottoms  which  have  been  classed  under  the  head 
of  clays,  as  2900  fathoms  south  of  Tongatabu,  are  largely  made 
up  of  pumice  in  a  fine  state  of  division.  Pumice  or  vesicular 
lavas  have,  in  short,  been  found  in  all  the  kinds  of  deposits, 
most  abundantly  in  the  vicinity  of  volcanic  islands  and  m  the 
deep-sea  clays.  It  appears  to  be  universally  present,  and  its 
disintegration  is  most  probably  the  chief  source  of  the  clajrey 
matter  found  in  oceanic  deposits.  North  of  the  Sandwich 
Islands  we  for  several  days  got  small  pieces  of  pumice  floatinff 
on  the  surface,  most  of  the  pieces  being  covered  with  a  fungoid 
growth.  In  this  connection  it  may  be  well  to  remember  that 
Mr.  Bates  states  somewhere  that  he  found  pumice  rather  com- 
mon, floating  on  the  surface  of  the  Amazons,  over  a  thousand 
miles  from  the  nearest  volcanic  region.  Many  instances  are 
given  by  Sir  Charles  Lyell  of  volcanic  ashes  having  been  trans- 
ported to  great  distances  by  the  wind. 

At  Honolulu  Mr.  Green  informed  me  that  Pele^s  hair  had 
been  picked  up  in  his  garden  there  after  an  irruption  of  Kilauea 
in  Hawaii,  a  distance  of  about  180  miles  from  the  crater.  If 
there  be  an  ash  after  the  carbonate  of  lime  is  removed  by  car- 
bonic acid  or  other  agent,  this  will  be  another  source  of  the 
clay. 

Mr.  Buchanan  has  determined  in  the  clays  the  presence  of 
copper,  cobalt,  and  nickel,  in  addition  to  iron  and  manganese. 
Remembering  this,  one  is  tempted  to  suggest  the  presence  of 
meteoric  or  cosmic  dust  in  these  deposits. 

When  we  have  had  a  good  haul  from  a  red-clay  bottom, 
when  the  bag  comes  up  full  of  nodules,  tympanic  bones,  and 
sharks'  teeth,  we  cannot  resist  the  idea  that  we  are  dealing 
with  things  of  a  vast  antiquity,  and  that  we  have  evidences  of 
a  very  slowly  accumulating  deposit  When  there  has  been  no 
reason  to  suppose  that  the  trawl  has  sunk  more  than  one  or 
two  inches  in  the  clay,  we  have  had  in  the  bag  over  a  hundred 
sharks'  teeth  and  between  thirty  and  forty  ear-bones  of  ceta- 
ceans; some  of  these  have  been  imbedded  in  over  an  inch  of 
the  manganese,  arranged  in  concentric  layt*rs,  while  others  have 
had  just  a  trace  of  manganese  on  them,  or  none  at  all.  We 
have  every  reason  to  suppose  that  the  aggregation  of  the  man- 
ganese around   these  relics  is  a  very  slow  process,  and  that 

and  let  the  carbonic  acid  be  determined  in  the  usual  way  by  boiling  the  solution. 
If  the  water  contained  any  easily  oxidizable  carbon  compound,  we  should  obtain 
more  carbonic  acid  in  the  second  than  in  the  first  determination,  and  the  differ- 
ence would  correspond  approximately  to  the  amount  of  organic  carbon  present 
In  several  waters  which  I  have  treated  according  to  this  principle,  I  have  found 
from  two  to  five  milligrams  of  carbon  per  liter. 
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coDsequently  the  occurrence  of  these  deeply  imbedded  and 
recent  teeth  and  tympanies  in  the  same  surmce-layers  argues 
strongly  in  favor  of  an  exceedingly  slow  rate  of  deposition. 
These  vertebrate  remains  are  most  abundant  where  tne  man* 
ganese  abounds,  but  occur  also  in  the  red  and  gray  clays, 
especially  in  those  the  farthest  from  the  land,  and  where  we 
may  suppose  the  rate  of  deposition  to  be  reduced  to  a  minimum. 

In  the  Globigerina,  Badiolarian,  and  Diatom  oozes  we  have 
found  during  the  whole  cruise  only  one  or  two  sharks'  teeth 
and  perhaps  one  tympanic  bone,  tn  shore-deposits  they  were 
even  more  rare.  These  facts,  taken  with  others  that  will  at 
once  suggest  themselves,  go  to  show,  as  might  be  expected,  that 
the  shore-deposits  accumulate  faster  than  the  organic  oozes, 
and  these  last  faster  than  the  deep-sea  clay.  The  organisms  in 
our  Radiolarian  ooze  appear  to  resemble  very  closely,  and  in 
their  relative  proportions,  those  described  from  the  Barbadoes 
earth.  Those  described  from  the  Oran  deposit  in  Algeria  are 
very  like  those  in  the  blue  muds  taken  along  the  course  of  the 
Japan  stream.  The  Globigerina-oozes  which  we  get  in  shallow 
water  resemble  the  chalk  much  more  than  those  in  deeper 
water,  say  over  1000  fathoms.  It  is  possible  that  deposits 
similar  to  those  taking  place  in  deep  water,  far  away  from  the 
great  continental  anticlines,  may  never  have  been  elevated  into 
drv  land. 

In  conclusion,  large  quantities  of  the  various  bottoms  have 
been  stored  with  a  view  to  future  work,  and  a  large  amount  of 
material  bearing  on  the  subjects  treated  of  in  this  Preliminary 
Report  have  been  accumulated.  When  these  come  to  be  care- 
fully examined  and  compared,  with  the  aid  of  appliances  and 
conveniences  not  to  be  had  on  board  ship,  many  of  the  state- 
ments herein  made  may  require  to  be  altered  and  amended, 
and  other  facts  and  relations,  more  curious  and  interesting  than 
any  hinted  at,  may  be  revealed. 


Art.  XXXm. — On  Qmelinite  from  Nova  Scoiia ;  by  A.  B. 
Howe.  (Contributions  ifrom  the  Shejfield  Laboratory.  No. 
XLII.) 

While  in  Nova  Scotia,  during  the  summer  of  1875,  our 
party  found  this  comparatively  rare  mineral  in  considerable 
quantities,  but  of  two  very  distinct  and  different  habits.  In 
order  to  see  if  this  difference  ot  habit  could  be  accounted  for 
by  any  difference  in  chemical  constitution,  the  following  analy- 
ses were  made. 
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The  first  variety  is  from  a  locality  called  Two  Islands,  and 
presents  the  general  appearance  very  closely  of  that  from  Cape 
Blomidon,  which  is  nearly  opposite  to  this  locality.  The 
rliomboheilral  planes,  R  and  —1,  are  very  nearly  equally  devel- 
oped, and  the  lateral  planes  i  are  very  distinct  and  are  striated 
horizontally.  The  basal  plane  0  is  developed  to  a  varying 
extent  in  different  crystals,  but  is  plainly  discernible  on  all, 
unless  the  crystal  is  imbedded  in  the  matrix  or  in  another  crys- 
tal so  as  to  conceal  it  The  plane  1-2  is  occasionally  seen  and 
usually  has  a  slightly  hollow  or  concave  form,  and  sometimes 
is  represented  by  simply  a  slight  groove  or  line  along  the  edge 
formed  by  the  intersection  of  the  planes  R  and  —1.  The 
color  is  a  pale  flesh-red  or  a  cream-wnite. 

In  the  variety  from  Five  Islands,  a  locality  distant  about  eight 
miles  from  Two  Islands,  the  general  appearance  is  very  differ- 
ent,  resembling  very  much  that  of  acadialite.  The  planes  are 
nearly  the  same  as  in  the  Two  Islands  variety,  but  their  relative 
development  is  very  different  The  basal  plane  0  is  wholly 
wanting,  and  the  plane  —  1  is  extremely  minute  in  most  cases, 
being  hardly  discernible  on  some  crystals.  The  lateral  planes 
i  are  still  present,  or  rather  a  series  of  them,  each  individual 
being  small  and  brilliant,  having  lost  their  horizontal  striations. 
One  of  the  most  characteristic  planes  is  that  truncating  the 
edge  between  R  and  —  I.  This  plane  1-2,  is  distinctly  striated 
parallel  to  its  intersection  with  the  plane  J2,  and  is  always  pres- 
ent, even  on  the  smallest  crystals,  although  in  some  cases  it  is 
very  much  broken  and  deeply  striated.  The  whole  crystal 
presents  the  general  form  of  a  nearly  perfect  rhombohedron, 
some  of  the  faces  being  nearly  perfect,  while  others  are  made 
up  of  a  number  of  minute  crystals,  forming  an  uneven  surface. 
Tne  color  is  much  deeper  and  brighter  than  that  of  the  other 
varieties.  On  some  of  the  larger  crystals  there  is  evidence  of 
twinning,  but  these  have  not  yet  been  examined  to  ascertain  if 
they  are  true  twins. 

In  order  to  compare  the  composition  of  the  Nova  Scotia 
mineral  with  that  from  Bergen  Hill,  an  analysis  of  the  latter 
was  also  made,  but  on  account  of  the  lack  of  suflBlcient  quan- 
tity it  was  not  made  in  duplicate.  The  habit  of  this  variety 
was  intermediate  between  the  other  two.  The  rhombohedral 
planes  R  and  —1  are  unequally  developed  though  to  a  less 
extent  than  the  Five  Islands  variety,  ana  the  basal  plane  0  is 
wanting.  The  prismatic  plane  1-2  was  not  observed  on  any 
of  the  crystals,  although  some  of  the  Bergen  Hill  specimens 
showed  an  apparent  tendency  to  put  on  this  plane. 

The  following  angles  were  measured  directly  with  an  appli- 
cation goniometer,  and  agree  pretty  closely  with  those  given  in 
Dana's  Mineralogy : 
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i?Ai?=112°  27',  0/^i?=0/^  -1=140**  7',  i?/vl-2=-yvl.2= 
lei"*  10',*  jB/^  -1  pyr.=142''  20',  jB/^-1  ba8.=79*'  27'. 

The  following  are  the  results  of  the  three  analyses : 

Tloo  I»laind$  variety. 

Silica 61-86 

Alumina 17*86 

Ferric  oxide '16 

Lime 5-66 

Soda 3-90 

Potash '24 

Water 20-96 


Mean. 

61-86 

61-36 

17-77 

17-81 

•16 

-16 

670 

6-68 

3-94 

3-92 

•21 

•23 

20-97 

20-96 

100-12  100-10  100-11 

Bergen  BiB  variety. 

Silica 48-67 

Alumina 18-72 

Ferric  oxide -10 

Lime 2-60 

Soda 9.14 

Potash trace 

Water 21-36 


100-68 

This  analysis  is  inserted  between  those  of  the  Two  Islands  and 
the  Five  Islands  varieties  because  it  is  intermediate  between 
them. 

Five  Islands  variety. 

Silica 60-47 

Alumina 18-26 

Ferric  oxide '16 

Lime 1^13 

Soda 9-75 

Potash ^19 

Water 20*72 


Mean. 

60-44 

60-46 

18-29 

18-27 

•17 

•17 

1-10 

1-12 

9^83 

9-79 

-21 

-20 

20-71 

20-71 

100-68  100^76  100^71 

These  three  analyses  give  the  following  atomic  ratios  respec- 
tively : 

Na(K):Ca,  Csl-.M,  R:  ikl:  Si,  (2Na=B)  Si:H. 

Two  Islands 1-2:1  1 :  1^7  -97:1:4-9  1:2.7 

Bergen  Hill 6-1:1  1:4  1:1:4-6  1:2-9 

Five  Islands 16-4:1  1:8-8  1:1:4-7  1:2*8 

The  ratios  which  Rammelsberg  gives  as  the  theoretical  are 
B  :  Al  :  Si=l  :  1  :  4  and  Si  :  H=l  :  8.t     On  comparing  these 

*  Five  Islands.    The  others  from  Two  Islands.    Calculated  from  meaauremeiii 
of  1-2  A  1-2. 
f  Rammelsberg's  Handbuch  der  Mineralogie,  p.  626. 


A.  B,  Howe — Omelimtejrom  Nova  Scotia,  278 

analyses  with  those  given  by  Rammelsberg,  it  will  be  seen  that, 
like  the  majority  of  those,  they  give  an  excess  of  silica  over 
that  required  by  the  ration  1:1:4.  This  excess  is  very 
marked  in  the  Nova  Scotia  varieties,  but  in  these  it  may  be 
partly  accounted  for  by  a  slight  decomposition  which  may  have 
taken  place.  The  Bergen  Hill  crystals,  however,  were  very 
evidently  sound  and  undecomposed,  and  the  excess  in  this  case 
can  not  be  accounted  for  in  that  way. 

Both  the  Nova  Scotia  varieties  had  apparently  undergone  a 
slight  alteration.  The  crystals,  were  somewhat  porous  and  hol- 
low, and  thus  would  be  exposed  to  easy  decomposition  ;  or  this 
structure  may  have  been  the  result  of  alteration.  Thin  sec- 
tions examined  under  the  microscope  with  polarized  light 
afforded  no  evidence  of  free  quartz.  If  the  bases  had  been 
removed  during  decomposition,  they  had  been  removed  in  the 
proportion  in  which  they  existed  in  the  mineral  originally,  for 
the  ratio  of  E  :  Al  is  closely  alike  in  all  the  varieties.  The 
excess  of  silica  may  have  been  left  in  such  a  form  by  the 
decomposition  that  it  would  not  show  itself  under  the  polarizer. 
The  crystals  from  Bergen  Hill  however  were  perfectly  sound 
and  unaltered.  They  gave  a  very  perfect  hexagonal  and  also 
a  basal  cleavage,  as  did  the  other  varieties  though  not  so  easily 
as  this.  The  basal  cleavage  is  not  so  readily  obtained  as  the 
prisinatic.  On  treating  the  finely  ground  mineral  with  hydro- 
chloric acid,  decomposition  with  separation  pf  finely-divided 
silica  took  place,  but  there  were  no  traces  of  gelatinization. 

Several  experiments  were  made  on  the  loss  of  water  by  heat- 
ing, but  with  no  satisfactory  results.  The  mineral,  even  when 
in  coarse  fragments,  loses  weight  steadily  in  dried  air  at  the 
ordinary  temperature.  At  the  end  of  eleven  days  over  oil  of 
vitriol  it  had  lost  about  4  per  cent  and  was  still  losing  at  a 
nearly  constant  rate.  After  two  days  drying  at  a  temperature 
of  100°  C,  a  constant  weight  was  reached  which  gave  a  loss  of 
7*65  per  cent.  A  constant  weight  was  obtained  at  a  tempera 
ture  of  115°-120*'  C,  giving  8*82  per  cent  loss.  Another  was 
also  found  at  160°-180°  corresponding  to  a  loss  of  1702  per 
cent  Still  others  were  found  at  200-210®  and  at  250°  equal 
to  1942  and  20*40  per  cent  respectively.  At  every  tempera- 
ture mentioned  the  loss  was  rather  rapid  at  first,  gradually 
becoming  slower  and  slower  till  a  constant  weight  was  obtained. 
Apparently  the  mineral  possesses  the  property  of  giving  a  con- 
stant weight  at  any  temperature,  which  may  account  for  the 
very  various  results  which  other  experimenters  have  obtained. 
The  water  is  driven  off  completely  at  a  red  heat,  and  the  pow- 
der becomes  sintered  together  into  a  mass  but  without  absolute 
ixLsion. 

It  is  interesting  to  notice  the  fact  that  the  habit  of  crystalli- 
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zation  corresponds  to  the  difference  in  chemical  composition,  at 
least  so  far  as  these  three  vai*ieties  are  concerned.  In  the  spe- 
cimens from  Five  Islands,  in  which  the  protoxide  bases  are 
almost  wholly  made  up  of  soda,  the  crystal  is  decidedly  rhom- 
bohedral  in  character;  the  plane  —1  is  exceedingly  minute 
and  the  basal  plane  0  is  wholly  wanting.  In  the  Bergen  Hill 
crystals  which  were  used  in  the  analyses,  and  are  intermediate 
in  composition  between  the  other  two,  the  crystals  have  not  so 
decidedly  a  rhombohedral  appearance,  although  i?and  —1  are 
very  unequally  developed.  In  the  crystals  from  Two  Islands, 
where  the  lime  nearly  equals  the  soda,  the  planes  R  and  —1 
are  very  nearly  equal  in  size  and  the  basal  plane  0  has  made 
its  appearance.  The  question  what  change  in  the  crystalline 
habit  a  further  increase  of  lime  would  produce  is  an  interesting 
one,  but  must  remain  unanswered  till  specimens  containing 
more  lime  are  analyzed  and  described. 


Art.  XXXIV. — On  the  occurrence  of  Durangite  in  the  tin-bear- 
ing region  of  Durango^  Mexico  ;  by  Henry  G.  Hank& 

Up  to  the  present  time  no  account  of  the  mode  of  occurrence 
of  durangite  has  been  published.  Although  I  have  made  per- 
sistent effort  to  learn  some  facts  bearing  on  this  subject  during 
the  last  seven  years,  since  the  first  description  appeared  in  this 
Journal,  I  have  never  been  able  to  obtain  anything  reliable 
until  now. 

It  has  been  stated  in  a  general  way,  that  this  rare  mineral 
was  found  with  stream  tin  in  Durango,  Mexico;  but  as  the 
hardness  of  durangite  is  only  5,  it  has  heretofore  been  impos- 
sible to  account  for  the  perfect  state  of  the  crystals  as  tney 
reach  us. 

I  am  able  at  last  to  throw  some  light  on  this  subject,  deriving 
my  information  from  Mr.  J.  F.  Boyd,  of  Durango,  and  Mr. 
Ayres,  of  Coneto,  Mexico,  both  of  whom  have  lately  visited  San 
Francisco.  According  to  these  gentlemen,  durangite  has  been 
found  only  in  the  **  Barranca"  tin  mine  and  never  in  the  beds  of 
streams.  The  tin  fields  in  which  this  mine  is  located  lie  about 
eighteen  miles  northwestwardly  from  Coneto,  State  of  Durango, 
Mexico,  and  about  ninety  miles  in  the  same  direction  from  the 
city  of  Durango.  This  would  locate  them  nearly  in  lat  23°  30' 
north,  long.  104°  30'  west  The  mines  are  embraced  in  a  cir- 
cle which  could  be  swept  by  a  radius  of  thirteen  miles.  The 
whole  area  is  cut  up  by  arroyos,  varying  in  width  from  ten  to 
one  hundred  and  fifty  feet,  and  of  unequal  depth.  In  the  beds 
of  these  arroyos,  through  all  of  which  water  runs  during  a  por- 
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tion  of  the  year,  and  in  a  few  of  them  during  the  whole  of  the 
year,  stream  tin  is  found  underlying  sand  and  gravel.  The  tin 
ore  is  sometimes  found  in  bars  or  flats,  sometimes  mixed  with 
the  surface  earth ;  but  generally  at  a  depth  of  six  to  ten  feet 
beds  of  tin  pebbles  are  found.  In  exceptional  cases  deposits 
two  feet  in  thickness  have  been  uncovered,  presenting  the 
appearance  of  a  gravel  pavement 

Crossing  the  arroyos,  veins  of  tin  occur  in  threads  and  seams, 
from  a  few  inches  up  to  several  feet  in  thickness.  All  the 
larger  veins  have  smaller  and  richer  ones  intersecting  them. 
One  well-known  vein  is  from  forty  to  sixty  inches  thick,  vield- 
ing  from  twenty  to  twenty-six  per  cent  of  tin  stone,  while  the 
smaller  veins  crossing  it  produce  as  high  as  sixty-eight  per  cent 
with  the  same  treatment 

The  tin  ore  is  invariably  found  in  what  Mr.  Boyd  describes  as 
a  "  whitish  cement "  which  softens  readily  in  water,  allowing 
the  cassiterite  to  fall  to  the  bottom  of  the  washing  troughs. 
Mr.  Boyd  thinks  the  character  of  this  formation  controls  the 
purity  of  the  tin.  When  it  has  a  yellowish  shade  he  expects 
to  find  the  tin  contaminated  with  arsenic,  iron,  and  bismuth. 
K  light  gray  or  white,  he  notices  that  the  vegetation  is  stunted, 
but  the  character  of  the  tin  produced  is  much  improved.  Ores 
yielding  from  eighteen  to  thirty  per  cent  are  very  abundant,  but 
do  not  pay  to  smelt  without  concentration.  Associated  with 
the  tin  ores  are  found  fluor  spar,  calcite,  chalcedony,  and  topaz. 

The  altitude  of  these  tin  fields  is  from  nine  thousand  to  ten 
thousand  feet  All  the  hills  are  beautifully  overgrown  with 
grass  and  shrubbery.  The  mines  occur  in  a  crust  of  a  lighter 
color  than  that  of  the  general  country.  This  formation  is  from 
seven  hundred  to  twelve  hundred  feet  in  thickness  overlying  the 

fold,  silver  and  lead-producing  formation.  Sometimes  a  nigh 
ill  or  mountain  top  is  seen  to  be  capped  with  the  tin  formation. 
Over  the  entire  tm  fields  prospecting  holes  have  been  sunk, 
the  bed  rock  being  reached  at  a  depth  varying  from  three  to 
ten  feet  These  shafts  have  never  failed  to  develop  stream  tin 
in  greater  or  less  Quantities.  During  the  wet  season,  com- 
mencing in  the  middle  of  June,  great  quantities  of  rain  &11. 
Advantage  is  taken  of  the  abundance  of  water  to  sluice  out  the 
stream  tin,  to  be  smelted  during  the  dry  season.  The  smelting 
is  done  in  a  rude  way  in  furnaces  built  of  adobes,  yet  it  is 
stated  that  metallic  tin  can  be  produced  at  a  cost  of  two  cents 
per  pound.  The  tin  ore  is  found  loose  in  the  veins  in  irregular 
rounded  masses,  from  minute  sand-like  particles,  to  pieces  the 
size  of  a  man's  head.  A  curious  form  resembling  small  cylin- 
ders or  stalactites  is  not  uncommon. 

Mr.  Boyd  estimates  the  number  of  veins  known  at  six  hun- 
dred, and  the  number  of  streams  or  arroyos  yielding  stream  tin 
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at  three  bundred.  This  gentleman  thinks  that  the  tin  ore  is 
still  forming.  He  assures  me  that  work  having  been  sus- 
pended on  a  mine  in  1864,  a  portion  of  the  vein  was  left  stand- 
ing. In  1870  he  visited  it  again  and  found  that  new  films  or 
layers  of  cassiterite  had  formed,  and  in  some  places  noticed 
that  peculiar  variety  known  as  toad's-eye  tin  which  he  believes 
bad  formed  during  his  absenca 

These  mines  were  discovered  and  worked  on  a  small  scale  by 
the  Spaniards  from  1790  to  1824  From  1885  to  1846  they 
have  oeen  worked  by  Don  Manuel  Gracia,  a  native  Mexican  of 
Spanish  descent,  who  amassed  a  fortune  by  extracting  the  tin 
and  carrying  it  on  mules  to  ihe  city  of  Mexico,  690  miles 
distant 

Barranca  is  the  name  of  a  group  of  small  veins  rather  than 
that  of  a  single  one.  The  vein  in  which  the  durangite  is  found 
is  from  four  to  six  inches  in  thicknes&  It  rises  from  a  deep 
canon,  is  nearly  vertical,  dipping  but  slightly.  The  fissure  is 
filled  with  loose  vein  matter  containing  cassiterite  in  cylindrical 
pieces,  quite  small.  Crystals  of  durangite  occur  singly  with 
cassiterite  in  the  white  pulverulent  matter  before  described. 
Beautiful  crystals  of  a  larger  size  and  of  a  light  orange  color 
are  sometimes  met  with  attached  to  the  walls  of  the  vein.  I 
have  a  few  of  these  in  my  collection ;  they  are  quite  different 
from  those  found  in  the  vein  matter.  It  was  this  variety  which 
was  first  described  by  Prof.  Brush. 

The  vein  matter  is  described  as  being  highly  charged  with 
arsenic  When  thrown  into  the  furnace,  so  abundant  are  the 
arsenical  fumes  evolved  that  the  workmen  cannot  endure  them, 
and  a  preliminary  washing  process  is  resorted  to,  by  which  a 
large  proportion  of  the  arsenical  matter  is  removea.  Some- 
times in  washing  the  vein  matter,  crystals  of  durangite  are 
found,  as  are  also  those  beautiful  topaz  crystals  which  have 
found  their  way  to  the  cabinets  of  mineralogists  in  all  parts  of 
the  world. 

I  understand  Mr.  Boj'^d  to  say  that  the  crystals  of  durangite 
are  only  occasionally  met  with.  The  largest  crystal  known  is 
now  in  my  possession.  It  weighs  8*022  grams.  Its  greatest 
length  is  19  millimeters  and  its  extreme  thickness  11  milli- 
meters. The  edges  are  sharp  and  all  the  angles  well  defined 
and  perfect  There  are  some  imperfections  on  some  of  the 
faces.  It  is  of  a  beautiful  orange-red  color,  resembling 
bichromate  of  potash. 

The  crystals  found  in  the  vein  matter  are  usually  small,  and 
of  a  darker  color.  On  weighing  one  hundred  of  them  to 
ascertain  the  average,  I  found  their  combined  weight  to  be  only 
7*750  grams. 

San  Fraadsoo,  619  Montgomery  St 
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Art.  XXXV. —  On  the  occurrence  of  Orahamite  in  the  Huasteoa^ 
Mexico^  and  Notice  of  the  Geology  of  that  Region  ;  by  James 
P.  Kimball,  Lehigh  University,  Bethlehem,  Pa. 

The  descriptions  of  the  albertite  deposit  of  Hillsborough, 
New  Brunswick,  by  Professor  C.  H.  Hitchcock,*  and  of  the 
grahamite  deposit  oi  the  Ritchie  Mine  in  West  Virginia  by  Mr. 
W.  M.  Fontaine,f  as  well  as  by  Mr.  Henry  Wurz,:f  show  these 
deposits  to  widely  differ  from  any  known,  or  even  possible,  oc- 
currence of  mineral  coal,  from  the  nature  of  which  albertite  and 
^i^hamite  have  been  shown  by  Wetherill,  Wurz,  and  others, 
likewise  to  differ  essentially.  60th  varieties  occur  in  the  state 
of  Vera  Cruz,  Mexico,  under  such  circumstances  as  to  exhibit 
well  the  nature  and  proximate  origin  of  such  deposits. 

A  closer  comparison  of  the  two  varieties,  by  means  of  a  more 
extensive  seiies  of  analyses  than  has  yet  been  published,  is  re- 
quired to  fix  the  exact  relationship  between  them.  As  distin- 
guished by  physical  properties,  they  seem  to  pass  into  each 
other  by  insensible  gradations,  especially  in  the  Ritchie  deposit, 
and  in  such  of  the  Mexican  deposits  as  I  have  seen.  Such 
analyses  as  are  at  hand,  of  specimens  from  one  and  the  same 
deposit,  indicate  inconstant  ratios  in  each  variety — evidently 
depending  on  the  degree  of  oxidation.  This  variableness  shows 
that  neither  variety  is  a  true  mineral  species,  any  more  than 
other  native  hydrocarbon  compounds,  like  petroleum,  asphal- 
tum,  or  mineral  coals.  The  following  observations  serve  to 
confirm  the  received  theory  of  the  nature  and  origin  of  albertite 
and  graham ite,  and  to  demonstrate  that  these  bodies  are 
essentially  mineralized  or  fossilized  asphaltums,  derived  from 
asphaltic  petroleum,  pittasphalt  or  maltha,  by  the  loss  of 
hydrogen  and  the  addition  of  oxygen.  In  the  degree  of  this 
alteration  albertite  seems  to  occupy  a  place  between  asphaltum 
and  grahamite — the  two  varieties,  however,  constituting  a  sin- 
gle mineral  type.  The  degree  of  oxidation  of  such  compounds 
does  not  always  correspond  to  the  amount  of  retained  or  fixed 
oxygen — a  large  proportion  of  the  increment  of  oxygen 
forming  volatile  compounds  along  with  carbon  and  hydrogen, 
especially  in  the  more  advanced  changes  which  result  in  their 
conversion  to  such  anthracitic  bodies,  low  in  oxygen,  as  are 
often  found  in  cavities  of  the  rock  in  the  older  formations. 

Numerous  springs  of  asphaltic  maltha,  forming  in  places 
superficial  deposits  of  solia  asphaltum,  occur  on  the  eastern 
slope  of  the  Cordilleras  of  Mexico,  or  rather,  in  the  littoral  zone 

*  This  Journal,  xxxiz,  1866,  26-7. 

t  Ibid.,  vi,  in,  1873,  409.  %  Ibid.,  xlii,  D,  1866,  420. 
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toward  their  base.  A  small  lake  fed  by  a  spring  of  bitumen  is 
reported  to  occur  as  far  north  as  Galveston  Bay  in  Texas  within 
the  Tertiary  area.*  More  or  less  extensive  sources  of  the  same 
substance  are  common  throughout  the  large  area  watered  by 
the  numerous  streams  discharging  into  the  Tampico  and  Tuspan 
rivers,  at  whose  mouths  are  the  gulf  ports  of  Tampico  and  Tus- 
pan. A  considerable  quantity  of  chapapote,  as  it  is  called,  is 
Drought  down  by  these  streams,  washed  out  to  sea,  and  finally 
left  upon  the  beach  by  the  action  of  the  waves.  After  such  a 
thorough  exposure  to  the  elements,  it  loses  its  pitchy  consis- 
tency, and  becomes  brittle  and  lustrous  like  jet  It  has  then  a 
conchoidal  fracture.  In  this  condition  it  is  sometimes  gathered, 
and,  though  not  extensively  known,  is  highly  esteemed  as  an 
article  of  export. 

The  northwestern  portion  of  the  state  of  Vera  Cruz  is  known 
as  the  Huasteca,  which  may  be  described  as  the  area  south  of 
the  Panuco  Eiver,  embracing  the  territory  to  the  north  of  the 
plateau  of  Anahuac,  watered  by  the  three  forks  of  the  principal 
affluent  of  the  Panuco — the  Eio  San  Juan  de  Mexico — namely, 
the  Capadero,  the  Amajaque  and  the  Moctezuma.  This  section 
has  received  no  attention  from  scientific  travelers.  In  1825, 
Burkhart,  traveling  from  Tampico  to  Real  del  Monte,  via 
Tantoyuca,  passed  along  the  upper  Capadero.  This  river  he 
mistook,  however,  under  the  name  of  the  Rio  Garzes,  and  sup- 
posed it  to  have  an  easterly,  instead  of  a  northerly,  course, 
and  to  empty  into  the  Laguna  de  Tamiagua.  Saussure's  map 
of  the  plateau  of  Anahuac  represents  this  portion  of  Mex- 
ico with  some  approach  to  its  geography,  if  not  to  its  to- 
pography.f 

Last  April  I  made  the  journey  from  Tampico  to  Tempoal  on 
the  Capadero,  crossing  the  Topila  at  Tanseme,  and  returned  to 
the  same  port  by  way  of  Trinidad  and  Panuco.  The  topo- 
graphical features  of  the  country,  which  thus  came  under  my 
observation,  are  not  unlike  what  I  have  described  to  be  the 
character  of  the  eastern  slope  of  the  Cordilleras  farther  north  as 
observed  in  Chihuahua.^ 

The  same  succession  of  longitudinal  valleys  separated  by 
parallel  ridges  is  here  seen,  together  with  the  same  gradual  ac- 
clivity toward  the  summit  of  the  Sierra  Madre,  which  in  this 
latitude  is  about  Zacatecas.  The  valleys,  though  broad,  are, 
unlike  the  champlain  valleys  of  Chihuahua,  comparatively  rug- 
ged, owing  to  the  uneven  erosion  of  the  sedimentary  rocks, 
which  is  caused  by  intrusions  of  trachyte.  Their  configuration 
is  largely  due  to  the  successive  changes  of  the  beds  of  streams, 

*  Taylor,  Statistics  of  Coal,  p.  498. 

f  Coup  d'oeil  sur  I'hydrologie  du  Mexique,  Geneva,  1862. 

i  This  Journal,  xlviii,  1869,  p.  385, 
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caused  by  the  gradual  elevation,  or  periodic  oscillations  of  level, 
of  the  Cordilleras  during  the  Tertiary  period  and  aflerwards, 
and  which  phenomena,  as  I  have  elsewhere  noted,  are  likewise 
strongly  marked  in  northern  Mexico.* 

The  area  over  which  my  route  lay,  is  occupied  by  argillaceous 
sandstone,  calcareous  in  places,  whose  foldings  seem,  generally 
speaking,  to  correspond  with  the  present  configuration  of  the 
surface,  the  whole  of  which,  however,  has  been  subjected  to  a 
very  powerful  erosion.  One  of  the  most  remarkable  evidences, 
both  of  the  gradual  character  of  the  elevation  of  the  Cordillera^ 
in  the  lower  latitudes,  and  of  the  fluvial  character  of  their  ero- 
sion, is  to  be  seen  in  a  widespread  alluvium,  composed  of  coarse 
gravel  and  heavy  rolling  stone  in  the  valley  of  the  Capadero, 
observed  many  miles  away  from  the  present  channel  of  the  river, 
wherever  its  heavy  covering  of  fine  silt-like  alluvium  has  been 
washed  away.  Through  these  two  superficial  deposits  success- 
ively the  river  has  cut  its  present  channel  deep  into  a  foimation 
of  soft  shale  beneath,  locally  known  as  Upeiate^  which  over- 
spreads the  whole  valley  of  the  Capadero. 

The  shale  is  highly  fossiliferous  in  places.  Imperfectly  in- 
durated and  weathering  excessively,  it  causes  the  fossils  to 
crumble.  They  include  Cardium^  Arca^  Oslrta^  Corbula,  Pecten, 
Caryatis,  Serpma^  and  a  discoid,  coiled  and  chambered  rhizopod. 
With  the  exception  of  the  last,  all  are  too  imperfectly  preserved 
to  admit  of  specific  determination.  Common  to  both  the  Cre- 
taceous and  Tertiary  as  these  genera  are,  such  specimens  as  I 
was  able  to  extract  fail  to  distinguish  between  these  two  pe- 
riods. In  a  private  report,  written  without  access  to  my  collec- 
tion, the  shales  were  referred  to  the  Cretaceous  upon  the  grounds 
of  the  apparent  facies  of  these  specimens.  They  prove  how 
ever,  upon  examination,  to  be  wanting  in  charactenstic  types, 
and  too  uncertain  of  specific  identification  to  rest  any  conclusion 
of  the  kind  upon  them,  especially  as  the  stratigraphical  relations 
of  the  shales  themselves  indicate,  as  I  sliall  presently  show,  an 
unbroken  and  immediate  sequence  with  alluvial  Quaternary 
deposits.  Arguing  from  the  latter  circumstance,  it  will  be  seen 
that  they  are  more  logically  referred  to  the  Tertiary.  These 
shales  are  important  as  the  seat  of  the  grahamite  deposits  in  the 
vicinity  of  Tempoal,  and  probably  throughout  the  much  larger 
region  of  the  Huasteca,  including,  at  least,  the  middle  portion 
of  the  Capadero  basin,  or  so  much  of  it  as  lies  between  the 
Huejutla  Mountains  on  the  west  and  the  Alacranes  hills  on  the 
east  The  region  thus  defined  corresponds  to  the  so-called 
**  Coal-field  of  the  Huasteca,"  the  coal,  however,  as  I  judge  from 

*  This  Journal,  xlviii,  1869,  p.  381. 
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such  specimens  as  I  have  seen,  really  being  grahamite  and  other 
less  thoroughlj'  altered  asphalts.* 

Judging  from  a  number  of  specimens  of  these  outcrops  from 
farther  up  the  Capadero  than  the  district  visited  bv  me,  as  well 
as  from  such  facts  as  I  could  gather  by  inquiry,  it  seems  most 
probable  that  the  shales  of  Tempoal  and  of  the  Cristo  Mine, 
which  came  under  my  observation  at  these  and  other  points  in 
the  banks  of  the  Capadero,  extend,  at  least,  some  60  miles 
farther  up  the  river,  as  far  as  Chalma,  so  as  to  include  the  so- 
called  coal  deposits  at  the  base  of  the  Cochiscuatitlan  hills 
mentioned  by  Antonio  del  Castillo,  viz.,  Purisima,  Providencia 
and  Virginia,  A  specimen  of  grahamite,  now  in  my  posses- 
sion, from  Huautla,  50  to  60  miles  still  farther  up  the  river, 
suggests  a  still  greater  extension  of  the  same  shales,  found  to  be 
the  seat  of  grahamite  at  Tempoal  and  elsewhere. 

Except  in  the  banks  of  the  river,  and  the  beds  of  branching 
arroyos,  the  grahamite-bearing  shales  nowhere  come  to  the  sur- 
face in  the  Capadero  basin,  within  the  range  of  my  observation, 
although  not  far  below  the  level  of  the  valley-plain,  or  lower 
terrace  of  the  river.  Together  with  grahamite,  they  are  reported, 
and  may  be  readily  believed,  to  outcrop  in  the  Huejutla  Moun- 
tains, as  at  the  Venados,  where  a  deposit  of  the  former  was 
described  by  the  messenger  sent  thitner  for  specimens,  to  be 
upward  of  two  feet  in  thickness. 

The  shales  are  immediately  covered  by  the  above  mentioned 
deposit  of  coarse  rounded  rubble,  generally  more  or  less 
cemented  by  selenile  so  as  to  form  a  conglomerate  from  8  to  6 
feet  thick,  and  containing  shells  of  Paludina.  This  is  immedi- 
ately overlaid  by  the  heavy  deposit  of  fine  alluvium,  the  least 
thickness  of  which,  as  seen  in  the  river  banks,  is  some  60  feet 
It  overspreads  the  whole  valley  in  the  vicinity  of  Tempoal,  as 
well  as  of  the  Aguacates,  some  12  miles  farther  up  the  river. 

In  the  vicinity  of  Tempoal,  where  alone  my  examinations 
have  been  special,  the  top  of  the  shales  is  generally  brought  by 
undulations  above  low  water  mark — that  is,  above  the  level  of 
the  river  in  the  dry  season.  Near  the  village,  it  rises  some  30 
feet  above  this  level ;  at  the  Parajes,  two  miles  below,  some  26 
feet;  at  the  Aguacates,  12  miles  above,  some  60  feet;  while  at 
the  Cristo  Mine,  it  is  near  the  water's  edge,  though  rising  di- 
rectly on  either  side.  We  have  as  yet  no  data  bearing  on  the 
thickness  of  the  shale,  as  its  edges  are  everywhere  concealed — if 
not  by  overlying  alluviums — by  a  detritus  resulting  from  its 
own  weathering,  as  it  slacks  at  once  on  exposure  to  the  air. 

*  Some  attention  of  late,  in  the  City  of  Mexico  and  elsewhere,  has  been  turned 
to  this  region  upon  the  strength  of  rather  venturesome  computations  of  the  extent 
and  value  of  the  alleged  coal  deposits,  based  upon  unexplored  outcrops  of  what  10 
assumed  to  be  beds  of  bituminous  coal  ((kmpania  Explotadora  de  Oriaderot  de 
Carbon  de  PiedrcL    Mexico,  1876.    A  report  by  Antonio  del  Castillo.) 
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At  Terapoal,  at  the  Cristo  Mine,  and  at  the  Aguacates — three 
out  of  five  points  where  I  have  observed  exf)osures  of  the  shales 
in  the  banks  of  the  Capadero,  grahamite  is  found  in  greater  or 
less  quantity.  Like  many  similar  Tertiary  sediments,  the  shales 
are  in  places  quite  gypsiferoua 

Remnants  oi  these  Tertiary  shales  are  to  be  seen  in  the  banks 
of  the  Panuco  at  Puebla  Vieja,  near  the  mouth  of  that  river. 
The  same  formation  seems  to  answer  to  Burkhart's  description 
of  the  formation  occupying  the  Garzes,  (Capadero)  valley  as  high 
up  as  Chapula,  and  even  still  higher,  as  far  as  a  little  south  of 
Pmolco,  with  occasional  protrusions  of  the  lower  sandstone 
series — including  beds  of  limestone,  as  between  Huautla  and 
Tlacolula,  and  again,  south  of  Zagualtipan.* 

According  to  this  traveler,  the  clay  shale  of  the  valley  about 
Chapula  apparently  overlies  unconformably  the  limestone, 
which  he  believed  to  be  the  upper  member  of  the  sandstone 
series,  forming  the  heights  all  the  way  from  the  coast,  except 
where  covered  by  trachyte.  The  mesa  tops  of  the  mountains 
just  west  of  Chapula  are  of  the  latter  volcanic  rock,  which  like- 
wise seems  to  form  the  summits  along  the  whole  range  to  the 
north.  Approaching  the  volcanic  plateau  of  Anahuac,  the 
whole  body  of  sedimentary  rocks — together  with  overlying  tra- 
chyte, was  observed  by  Burkbart  to  decline  to  the  south  and  to 
pass  beneath  the  diorite  and  basalt  of  the  table-land,  which  was 
geognostically  mapped  by  Gerolt  and  Berghes  in  1827.t 

Mention  is  made  by  Sr.  Castillo  of  the  discovery  of  an  "  hex- 
agonal" sigillarid  as  well  as  nummulitic  forms  in  the  so-called 
coal-bearing  rocks  of  the  Huasteca.  The  sandstone  series,  in 
whose  depressions  the  Tertiary  grahamite  shales  have  been  pre- 
served from  a  sweeping  denudation,  has  furnished  a  few  fossils 
at  Tampico,  where  it  has  been  quarried.  I  succeeded,  however, 
in  finding  none  but  fragmentary  gasteropods,  though  perfect 
specimens  of  the  same  are  said  to  be  preserved  in  private  col- 
lections there,  which  it  has  not  been  my  privilege  to  see.  So 
doubtful  is  the  existence  of  true  coal  in  the  Huasteca,  that  the 
alleged  discovery  of  palaeozoic  fossils,  as  claimed  in  Mexico  by 
way  of  confirmatory  evidence,  as  I  infer,  of  the  carboniferous 
age  of  the  sandstone  series — requires  the  support  of  other  facts. 
It  is  proper  to  remark  that  in  the  interior  of  the  country,  the 
rock  surfaces  are  absolutely  unbroken,  while  covered  with  a 
tropical  forest ;  hence  the  present  impracticability  of  a  success- 
ful search  for  fossils  in  this  part  of  Mexico. 

Burkhart  also  identified  in  the  bunks  of  the  "  Eio  Grande" 
(Amajaque)  the  same  formation  of  clay  shale  observed  by  him 

*  Aofenthalt  und  Beisen  in  Mexico  in  den  Jahren  1825  bis  1834.  Stuttgart, 
1836.     I,  p.  53. 

f  Carta  Geognostioa  de  los  prindpalefl  Distritos  Minerales  del  Estado  de  Mezioo^ 
1827. 
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between  Chapula  and  Pinolco  in  the  Capadero  basin,  and  thence 
inferred  the  geological  identity  of  these  neighboring  basina 

I  now  proceed  to  describe  the  deposit  of  grahamite  known  as 
the  Cristo  mine.* 

The  original  outcrop  of  the  deposit  appeared  at  the  base  of  the 
west  bank  of  the  Capadero,  on  the  Cristo  Ranch,  near  the  edge 
of  the  river  at  low  water,  and  below  the  surface  of  the  water 
during:  the  rainy  season.  It  appears  to  have  been  long  observed, 
and  to  have  been  regarded  by  some  persons  as  a  deposit  of 
bituminous  coal,  and  by  others  as  chapapote,  but  to  have  re- 
mained unexplored — perhaps  through  some  discovery  of  its  ill 
adaptation  to  the  ordinary  purposes  of  cither  fuels  or  asphalts. 
In  1573,  the  deposit  was  denounced  as  a  coal-mining  property. 
The  deposit  consists  of  two  continuous  parts,  the  one  occupy- 
ing a  nearly  vertical  fissure  traversing  the  fossiliferous  shales, 
and  the  other  part  conformably  overlying  these  shales,  which 
are  slightly  inclined.  We  have  here  the  phenomena,  first,  of  a 
deei)-seatea  fissure  transverse  to  the  bedding  of  the  formation, 
and  tilled  out  with  grahamite ;  and,  second,  a  nearly  horizontal, 
and  originally  superficial,  deposit  of  the  same  material  over- 
spreading the  shale  formation  for  a  limited  distance  from  the 

fissure.  The  latter  oc- 
currence is  an  overflow 
from  the  fissure,  and,  as 
it  lies  between  the  two 
formations,  is  to  be  re- 
ferred to  a  period  subse- 
quent to  the  deposition 
of  the  shales,  ana  before 
the  conglomerate  was 
spread  upon  them  in  the 
form  of  pebbly  detritus. 
It  thus  uappened  when 
the  shales  formed  the 
surface  at  this  point,  just 
as  asphaltum  is  now  com- 
monly formed  upon  the 
surface,  as  a  residuum 
from  the  evaporation  and 
oxidation  of  liquid  or 
pasty  malthas,  issuing  from  sluggish  springs,  or  oozing  from 
more  extended  sources,  as  from  a  certain  stratum  or  rift  in  the 
rocks.  Such  phenomena,  referable  to  the  sandstone  below,  are 
to  be  seen  beyond  the  boundaries  of  the  shale  formation  in 
the  neighborhood  of  the  Cristo  mine,  and   indeed  are  quite 

*  J.  P.  Kimball  on  a  deposit  of  grahamite  known  as  the  Cristo  Goal  mine,  with 
plate.    24  pp.     1876. 
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common  in  the  surrounding  portions  of  eastern  Mexico,  as 
already  observed. 

That  portion  of  the  overflow  which  originally  appeared  at  the 
base  of  the  river  bank,  has  now  been  worked  out,  210  tons 
having  been  quarried  and  shipped.  So  far  as  can  now  be  ascer- 
tained, the  overflow  was  altogether  west  of  the  fissure,  which 
has  a  width,  as  far  as  developed,  of  34  inches.  The  vein  occu- 
pying the  fissure  has  a  columnar  structure  transverse  to  its 
sides,  and  shrinkage  partings,  or  joints,  parallel  to  its  sides.  It 
has  thus  far  proved  remarkably  homogeneous  in  structure,  and 
free  from  admixture  of  rock  or  clay.  Its  dip  is  64°  to  the  W. 
Near  the  point  where  it  passes  out  of  sight  under  the  river  bed, 
it  is  ioined,  at  an  acute  angle,  by  a  narrower  and  tapering  vein 
of  wnich  the  maximum  width  is  9  inches.  According  to  those 
who  have  had  charge  of  operations  at  the  Cristo  mine,  the 
deposit,  including  both  vein  and  overflow,  was  excavated  within 
a  dam  to  a  depth  of  ten  feet,  and,  at  the  same  place,  measured 
fifteen  feet  aerosa  The  vein  proved  of  the  same  width  as  ob- 
served by  me  nearer  the  bank — that  is,  thirty-four  inches.  This 
point,  now  under  water,  was  stated  to  be  120  feet  from  the  base 
of  the  latter.  Another  small  branch  is  partially  seen  on  the 
opposite  side. 

The  shape  of  the  overflow  is  indicated  as  near  as  is  now 
practicable,  by  the  excavation  outside  of  the  bank  and  by  the 
work  underground.  The  latter  consists  of  a  timbered  shaft,  72 
feet  deep,  sunk  from  the  top  of  the  river  bank  or  terrace,  196 
feet  from  the  edge.  From  the  bottom  two  levels  have  been  run 
out  at  right  angles,  one  19J  feet  long  toward  the  river  (east), 
and  the  other  27^  feet  long  toward  the  north.  These  work- 
ings are  in  that  portion  of  the  deposit  which  for  convenience  I 
call  the  overflow.  Its  greatest  thickness  is  developed  in  the 
east  level,  at  the  end  of  which  it  measures  6i  feet  and  dips  19^° 
S.  W.  At  the  end  of  the  north  level  it  has  a  thickness  of  but 
15  inches,  and  a  dip  of  20°  to  the  northeast  In  the  shaft  the 
thickness  of  the  deposit  falls  from  84  inches  at  the  southeast 
corner,  to  15^  inches  at  the  opposite  N.  W.  corner,  to  20  inches 
at  the  S.  E.  corner,  and  to  15  inches  at  the  N.  E.  corner.  It 
therefore  appears  that  the  overflow  of  the  vein  has  a  limited 
spread  underground,  the  same  as  it  proved  outside  the  bank  at 
tne  water's  edge.  Its  thickest  portion  is  in  the  direction  of  the 
river,  and  continuous,  I  think,  with  the  thickest  part  of  the 
original  outcrop ;  that  is,  the  portion  nearest  the  fissure,  which 
was  undoubtedly  its  source,  and  from  which  it  sloped  with  the 
configuration  of  the  surface  at  the  time,  and  thinned  away 
toward  its  edges.  The  fissure  occupies  the  axis  of  a  gentle 
anticlinal  with  a  dip  of  14°  W.  on  the  W.  side,  and  of  4°  lE.  on 
the  opposite  side.    As  the  overflow  conforms  to  the  steeper  di^^ 
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it  appears  that  the  fissure  must  have  been  made  at  the  time  of 
the  elevation  of  the  shales,  and  soon  afterwards  filled  with 
asphaltum,  which  continued  to  form  after  it  had  been  filled. 
That  no  great  period  was  required  for  this  operation,  is  shown 
by  the  fact  that  the  overlying  conglomerate  also  conforms  to 
the  stratification  of  the  shales  as  well  as  to  the  outline  of  the 
overflow  of  the  graharaite,  locally  intervening. 

The  occurrence  of  such  a  fissure  in  shales  so  imperfectly  hard- 
ened, and  so  easily  weathered,  affords  another  proof  that  the 
filling  of  the  fissure  immediately  followed  its  formation,  that  is, 
afler  the  emergence  of  the  shales  and  before  the  deposition  of 
the  overlying  alluvium.  It  is  from  this  evidence  of  the  direct 
sequence  of  terranes,  and  the  relation  thus  established  with  sub- 
sequent alluviums  that,  in  the  fiiilure  of  the  evidence  of  their 
fossils,  I  refer  to  the  Tertiary  the  grahamite-bearing  shales  of 
the  Capadero  basin.  These  are  probably  remnants  of  the  littoral 
Tertiaries  of  eastern  Mexico  and  Texas.* 

The  strike  of  the  fissure  is  nearly  north  and  south,  directly 
across  the  river.  No  attempts  have  been  made  to  trace  it 
beyond  the  excavation  near  tne  water's  edge,  its  character  as  a 
fissure  not  having  been  recognized  previous  to  my  visit  A 
length  of  about  800  feet  up)on  it  had  at  that  time  been  de- 
veloped. 

The  sandstone  formation  is  the  source  of  a  number  of  deposits 
of  chapapote  or  asphaltum.  Numerous  deposits  are  said  to 
occur  north  of  the  Panuco  Eiver.  One  deposit,  which  I  visited, 
is  found  on  the  Tanelul  Ranch,  occupying  an  elevated  basin  or 
cul-de-sac  between  two  hills  of  the  Alacranes  range,  here  form- 
ing the  boundary  of  the  Capadero  valley.  The  point  is  some 
2i  leagues  east  of  the  Cristo  mine,  and  directly  in  range  with  the 
course  of  the  Orisio  fissure  as  far  as  traced  The  chapapote  has 
accumulated  from  the  evaporation  of  liquid  maltha,  which  now 
issues  in  the  form  of  a  sluggish  spring  with  a  number  of  orifices. 
Here  may  be  witnessed  the  same  process  by  which  the  above 
described  overflow  of  the  Cristo  mine  was  originally  formed. 
The  source  of  the  chapapote  spring  is  the  sandstone  above  men- 
tioned, on  which  rest  the  grahamite-bearing  shales  of  the 
valley  below.  It  thus  appears  that  the  uplifted  portions  of  the 
underlying  sandstone  are  at  present  the  source  of  chapapote 
springs  depositing  that  mineral  substance  upon  the  surface. 
Ancient,  and  perhaps  more  copious,  springs  of  the  same  kind 
issued  from  the  depressed  portions  of  this  formation,  and  forced 
their  liquid  maltha  into  the  fissures  and  lesser  interstices  of  the 
overlying  shale,  which,  as  I  have  already  stated,  is  remarkably 
clehvable  and  imperfectly  indurated.  The  tendency  of  such  a 
body  of  shale  or  shaly  clay,  exceedingly  fine  in  texture,  to  form 

*  Archly  de  la  Gommlsslon  So.  du  Mezique,  11,  p.  124. 
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shrinkage  and  cleavage  partings  is  well  known.  Hence  this 
formation,  from  its  nature  otherwise  impervious,  became  the 
permanent  receptacle  of  maltha  or  asphaltic  petroleum,  issuing 
from  the  sandstone  below ;  and  probaoly  the  more  freely  under 
a  hydrostatic  pressure,  in  which  water  played  a  part,  and  the 
action  of  which  is  strikingly  suggested  by  the  conflguration 
here  observed  of  a  stratigraphical  basin  bordered  by  elevated 
plateaus.  The  inspissation  of  maltha  or  pittasphalt,  and  even 
petroleum,  to  grahamite  and  other  mineral  bitumens,  by  the 
loss  of  hydrogen  and  the  addition  of  oxygen,  is  a  well  known 
occurrence  which  may  be  artificially  illustrated  in  the  labora- 
tory.* While  asphaltum  is  observed  to  be  the  product  of  the 
immediate  evaporation  and  oxidation  of  maltha  at  or  near  the 
surface,  a  slower  and  continued  oxidation  beneath  the  surface 
— in  fissures,  cavities  and  interstices  of  the  rocks — has  pro- 
duced grahamite,  albertite  and  other  less  hydrogenous  hydro- 
carbons of  the  same  type. 

The  smaller  exhibitions  of  grahamite  in  the  shale  of  the  river 
banks,  at  Tempoal  and  the  Aguacates,  are  of  the  same  general 
nature  as  the  deposit  of  the  Cristo  mine.  They  occupy  inter- 
stices between  divisional  planes  of  the  formation,  thus  forming 
veinlets  which  often  pass  from  between  one  kind  of  partings  to 
another.  Hence  even  the  larger  of  these  deposits  or  pockets 
are  very  capricious  in  position,  while  the  smaller  ones  merely 
reticulate  the  rock.  They  seem  to  have  no  connection  or  chan- 
nels. The  question  is  thus  suggested,  whether  this  formation, 
in  places  densely  filled  with  organic  remains,  has  not,  in  part  at 
least,  been  the  primary  source  of  the  hydrocarbons  which  it  con- 
tains, as  well  as  those  of  the  underlving  sandstone,  from  which, 
since  its  emergence,  it  has  been  for  the  most  part  denuded. 
This  theoretical  question  must  remain  open  until  the  relations 
of  the  numerous  deposits  of  chapapote  in  eastern  Mexico  to  the 
rocks  from  which  they  spring,  shall  be  observed  and  compared. 
The  above  small  and  scattered  deposits  of  grahamite  have  no 
economic  value — although  fine  hand  specimens  can  be  taken 
from  any  of  them. 

Unlike  the  New  Brunswick  variety,  wliich  is  compact  in 
structure,  conchoidal  in  fracture,  and  of  a  resinous  and  brilliant 
luster,  the  Ritchie  and  Cristo  varieties,  which  are  very  similar, 
are  of  rather  granular  consistency.  They  possess  a  very  distinct 
cleavage,  a  jointed  structure,  as  well  as  columnar  partings  in  the 
deposits,  somewhat  irregular,  on  account  of  the  varying  condi- 
tions of  these  deposits  themselves.  The  Cristo  mineral  is  more 
uniformly  lustrous  than  that  from  Ritchie  County,  and  of  a 
creater  coherence,  though  none  the  less  distinctly  cleaved  and 
jointed. 

*  W.  P.  Jexinj,  Am.  Chem.,  y,  p.  10. 
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Both  varieties  are  found  at  the  Aguacates  in  velnlets.  Some 
of  these  are  filled  with  a  conchoidal  variety,  like  that  from  the 
Albert  mine,  while  others  consist  of  the  same  columnar  and 
sub-conchoidal  material  as  that  from  the  Cristo  mine.  The  con- 
choidal fracture  in  both  differs  simply  as  to  degree,  varying 
with  the  degree  of  brittleness. 

A  few  barrels  of  the  mineral  from  the  Cristo  mine  having 
been  sent  last  autumn  to  Glasgow,  an  analysis  and  techniciu 
examination  of  the  sample  were  made  by  Mr.  William  Wallace, 
of  that  city. 
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Abt.  XXXVL — (hi  a  "  Geological  Cliart  of  die  United  States  east 
of  the  Rocky  Mountains^  and  of  Canada  ;"  by  Frank  H. 
Bbadlky. 

In  publishing  a  new  compilation  of  the  general  results  of 
geological  surveys  of  the  eastern  United  States  and  Canada,  the 
writer  has  felt  under  obligation  to  state  the  reasons  for  the 
adoption  of  any  peculiar  features  of  the  chart,  and  also  desirous 
of  noting  some  theoretical  points  to  which  this  revision  of  data 
has  called  attention. 

Mercator's  projection  was  adopted,  in  order  to  show  most  ac- 
curately the  general  trends  of  tne  outcrops.  The  consequent 
distortion  prevented  the  use  of  the  ordinary  mileage  scales ;  but 
the  average  scales,  for  every  two  degrees,  are  inserted  along  the 
left-hand  border. 

The  scale  used  is  so  small  that  it  was  impossible  to  indicate 
either  the  very  small  areas  of  the  different  formations,  or  the 
slighter  irregularities  of  outlines.  While  this  renders  the  chart 
inaccurate  as  regards  detail,  it  has  the  compensating  advantage 
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of  representing  with  more  uniform  accuracy  areas  which  have 
been  surveyed  with  more  and  with  less  minuteness. 

Considerable  p)ortions  of  the  metamorphic  areas  heretofore 
mapped  as  Archaean  have  recently  been  proved  to  be  Silurian. 
These  discoveries  have  cast  so  much  doubt  upon  the  true  age 
of  much  of  the  remainder,  that  I  have,  in  several  cases,  been 
unwilling  to  follow  authority  in  calling  it  Archaean.  The  work 
done  in  New  England  by  Prol  Dana,  and  in  the  Southern 
States  by  the  writer,  has  already  reduced  the  Archaean  area  of 
the  Appalachians  by  nearly  one-half,  and  has  given  data  for 
comparison  with  series  of  rocks  previously  described  from  Vir- 
ginia. Pennsylvania  and  New  Jersey,  which  justify  the  infer- 
ence that  large  p)ortions  of  the  metamorphics  of  these  states 
will  also  prove  to  be  Silurian.  Following  this  inference,  the 
areas  of  this  region,  previously  considered  Archaean,  have  been 
considerably  reduced.  Much  of  the  uncolored  portion  of  New 
England  is  undoubtedly  Silurian  and  Devonian,  but  with  limits 
which  cannot  now  be  determined.  Prol  Verrill  refers  to  the 
Archaean,  with  much  certainty,  the  belt  of  red  granites  running 
from  Mount  Desert  to  the  Bay  of  Chaleur.  The  Archaean  area 
of  northern  New  York  should  probably  be  slightly  reduced  ;* 
but  the  age  of  the  principal  part  of  it  seems  pretty  well  deter- 
mined. 

The  typical  Huronian  of  Canada,  according  to  description, 
occupies  tne  position,  and  presents  the  lithological  characters, 
which  we  should  naturally  expect  for  the  metamorphic  portion 
of  the  adjoining  Lower  Silurian,  corresponding  preciselv,  in 
both  respects,  with  extensive  beds  of  that  age  in  the  Appalach- 
ians. I  have  accordingly  colored  them  as  Lower  Silurian. 
After  reaching  that  conclusion,  I  learned,  through  Prof.  Selwyn, 
that  Sir  William  E.  Logan  held  the  same  view  for  some  time 
before  his  death,  though  it  is  not,  I  believe,  shared  by  Prof. 
Selwyn  and  his  colleagues  of  the  Canada  Survey.  Prof.  Selwyn 
also  informs  me  that  recent  work  of  the  Survey  has  shown  a  con- 
tinuation of  the  Huronian  belt  north  of  Lake  Huron  to  beyond 
Lake  Mistassini,  with  a  width  of  over  three  hundred  miles  at 
one  point  Considerable  portions  of  the  so-called  Archaean  area 
of  Wisconsin  and  Michigan  have  been  shown  by  Brooks  and 
Pumpelly  and  others,  to  be  the  equivalent  of  the  Canada  Huro- 
nian, for  which  reason  they  might  with  probability  be  referred 
to  the  Silurian ;  but  the  data  yet  published  have  seemed  so  in- 
complete, that  the  writer  has  preferred  to  leave  the  area  uncol- 
ored. Both  this  and  the  metamorphic  area  of  Minnesota,  as  yet 
unexplored,  doubtless  include  some  genuine  Archaean. 

The  metamorphics  of  Missouri  are  probably  Archaean,  and 
are  so  colored.     Those  of  Arkansas  and  part  of  those  of  Texas 

*  Brooks,  this  Journal,  III,  iy,  22. 
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are  probably  Silurian,  but  not  certainly ;  those  of  the  Indian 
Territory  have,  as  yet,  yielded  no  data  for  a  conclusion;  all 
these  are  therefore  uncolored. 

Sherwood's  results,  as  published  by  Hall,  will  require  some 
changes  along  the  north  line  of  Pennsylvania,  in  future  editions: 
the  data  did  not  reach  me  until  this  edition  had  been  struck  ofL 

It  has  long  been  held  that  the  Appalachian  and  the  Kentucky- 
Illinois  coal-fields  were  formed  in  entirely  independent  basins, 
having  no  communication  with  each  other,  and  consequently  no 
probable  equivalency  of  coal-seams.  A  glance  at  the  map, 
showing  the  close  proximity  of  the  two  fields  in  southern  Ken- 
tucky, must  give  anyone  strong  suspicions  that  this  view  is  in- 
correct for  that  part  of  the  country ;  and  examinations  of  the 
two  opposing  escarpments  would  strongly  confirm  the  suspi- 
cions, tnough  we  must  probably  admit  the  partial  division  fur- 
ther north,  by  the  Cincmnati  anticlinal.  In  northern  Tennes- 
see, the  western  face  of  the  Cumberland  plateau  shows  the  bold 
outcrop  of  about  a  thousand  feet  of  the  coal  series  in  r^ular 
horizontal  position,  with  no  signs  of  any  abrupt  thinning  out^ 
as  thus  far  observed.  Less  than  sixty  miles,  across  a  continuous 
outcro})  of  practically  horizontal  Subcarboniferous  strata,  brings 
us  to  the  eastern  escarpment  of  the  western  field,  where  the 
coal-measures  are  somewhat  thinner,  at  a  slighly  lower  level, 
and  with  a  less  abrupt  outcrop,  but  still  undisturbed  and  evi- 
dently only  the  continuation  of  beds  which  once  covered  the 
intervening  area.  I  have  long  taught  this  continuity  of  the  two 
fields ;  and  I  understand  that  Prof.  Safford  holds  the  same  view, 
while  Dr.  Newberry,  in  conversation,  strongly  opposes  it  How 
far  the  union  continued  southward  seems  difficult  of  determin- 
ation. Judging  from  the  broad  western  extension  of  the  Coal- 
measures  through  Alabama,  and  of  the  horizontal  Subcarbon- 
iferous through  Tennessee,  to  the  eastern  line  of  what  appears 
to  have  been  a  pre-Cretaceous  Mississippi  valley,  together  with 
the  great  eastern  extension  of  Coal-measures  in  Arkansas,  to  the 
western  margin  of  the  same  valley,  I  am  inclined  to  infer  a 
former  continuity  of  the  series  across  the  intervening  space  of 
226  miles,  and  indeed,  over  the  whole  area  of  lower  strata  in 
Tennessee,  Arkansas  and  Missouri,  with  the  possible  exception 
of  a  few  islands,  such  as  Newberry  suggests  for  the  Nashville 
basin,  (Ohio  Geology,  i,  96-110).  If  the  Coal-measures  were 
thus  continuous,  the  erosion  of  the  Mississippi  valley  must  pro- 
bably be  referred  to  the  same  age  (Jurassic  ?)  as  that  of  the 
Triassic  beds  on  the  Atlantic  slope,  mentioned  below. 

Wells,  dug  through  the  drift  of  northwestern  Indiana,*  have 
yielded  considerable  masses  of  Devonian  black  shale,  hardly 
displaced  from  contact  with  the  underlying  limestone,  in 
such  abundance  as  to  lead  to  the  belief  that  this  bed  was  for- 
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merly  continuous  across  much  of  the  area  which,  from  the 
known  outcrops,  we  are  obliged  to  color  as  mainly  Upper  Silu- 
rian. Indeed,  it  suggests  the  probability  that  the  Michigan 
coal-field  may  once  have  been  continuous  with  that  of  Indiana 
and  Illinois ;  but  the  surface  of  that  region  is  so  flat  and  so 
deeply  covered  with  drift,  that  it  would  hardly  be  possible  to 
obtain  the  data  for  a  certain  solution  of  the  problem. 

Noticing  my  own  neglect  of  such  points,  I  am  led  to  ask 
geologists,  generally : — Have  we  paid  sufficient  attention  to  the 
indications  of  former  probable  extensions  of  formations  over 
areas  where  no  portions  of  them  now  remain  ? — a  p)oint  of  little 
practical  imp)ortance,  perhaps,  but  certainly  of  great  theoretical 
interest 

I  regret  that  the  scale  of  the  map  forbids  the  representation 
of  the  numerous  trap  dikes,  probably  of  Triassic  age,  which 
cut  across  the  metamorphics  of  North  Carolina,  South  Caro- 
lina, Georgia  and  Alabama.  The  dips  of  the  sandstones  and 
shales  in  tne  two  Triassic  areas  of  North  Carolina  give  pretty 
strong  evidence  of  these  being  only  the  border  remnants  of  a 
hugege-anticlinal,  over  a  hundred  miles  wide,*  (the  connecting 
arcn  being  now  removed,^  which  probably  extended  far  to  the 
southwestward,  and  possioly  over  much  or  all  of  the  area  inter- 
sected by  the  trap  dikes.  Kerr's  estimates  show  the  erosionof 
from  10,000  to  25,000  feet  of  strata,  along  the  back  of  the  fold ; 
and  fully  as  much  must  be  allowed  for,  between  the  New  Jersey 
and  Connecticut  Eiver  areas  of  Triassic  if  we  accept  the  oppos- 
ing dips  of  these  as  evidence  of  another,  or  part  of  the  same, 
great  ge-anticlinal  There  are,  it  is  true,  strong  objections  to 
this  view  for  the  latter  region ;  but  no  other  theory  seems  to 
the  writer  so  well  fitted  to  meet  the  facts. 

We  have,  as  yet,  no  certain  evidence  of  distinctively  Jurassic 
strata  on  the  Atlantic  slope  of  this  continent ;  was  then  the 
Jurassic  the  period  during  which  this  enormous  folding,  erup- 
tion (and  erosion,  in  part,  at  least)  took  place?  For  the  fol- 
lowing Cretaceous  nas  apparently  been  but  very  slightly 
displaced,  if  at  all,  except  by  the  pretty  uniform  secular  move- 
ments of  the  continental  mass.  It  may  also  be  Questioned 
whether  the  Permian  period,  equally  destitute  of  aistinctive 
deposits  along  the  Atlantic  border,  was  not  the  era  of  the 
upneaval  and  metamorphism  of  the  Appalachians,  which  was 
plainly  post-Carboniferous  and  pre-Triassic. 

It  seems  impossible  to  indicate  fairly  the  Quaternary  beds 
of  the  continent  upon  the  same  chart  with  the  other  formations ; 
since,  in  one  form  or  another,  they  cover  pretty  much  the 
whole  surface  of  the  country.  The  marine  beds  of  the  period 
are  too  small  to  be  of  any  importance  on  a  chart  of  this  scale ; 
the  river-  and  lake-border  formations  are  sufficiently  well  located 

•  Kerr,  Geology  of  North  OaroUnft,  i,  141-^  \%U. 
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by  the  modern  lakes  and  streams  themselves  ;  while,  if  repre- 
sented, these  and  the  beds  of  drift  would,  over  much  the  larger 
part  of  the  country,  leave  exposed  only  the  narrow  isolated 
outcrops  of  the  earlier  formations  which  the  learner  finds  it  so 
difficult  to  correlate,  in  his  mind's  eye,  arid  would  show  next  to 
nothing  of  the  g^eral  structure  which  it  is  the  main  purpose 
of  such  a  chart  to  exhibiL  Still,  charts  of  the  Quaternary  con- 
tinent would  be  exceedingly  instructive,  in  their  exhibition  of 
the  old  lake-basins  and  drainage-lines  of  the  continent.  Besides 
the  present  Great  Lakes,  with  their  much  greater  extent  and 
direct  southern  outlets;  there  were  at  least  three  great  Quater- 
nary lakes,  in  the  Mississippi  basin.  One  has  its  boundaries 
well  marked  by  the  Lower  Silurian  outlines  of  the  Nashville 
basin  of  Middle  Tennessee,  its  walls  being  mostly  Subcarbon- 
iferous.  Another  occupied  the  western  part  of  the  Silurian 
basin  of  Central  Kentucky  and  Southern  Indiana,  having 
similar  walls  on  the  west,  (where  its  bordering  sand-banks  lie 
near  the  tops  of  the  **  Knobs  ''*  fully  400  feet  above  the  Ohio 
at  Louisville,)  and  stretching  far  up  the  slopes  of  the  Cincinnati 
anticlinal  on  the  east — the  boundaries  in  this  direction  being  as 
yet  unreported.  A  third  occupied  a  large  area  on  the  flats  of 
the  Upper  Silurian  and  Devonian  areas  of  Northwestern  In- 
diana ;f  and  perhaps  still  others  swept  over  the  broad  prairies 
of  Illinois  and  the  States  further  west 

Dana  has  long  since  called  attention  to  the  now-subraerged 
old  valley  of  the  Hudson,  as  marked  on  the  continental  border, 
out  to  the  true  edge  of  the  oceanic  depression.  The  lines  of 
soundings  along  the  coast,  kindly  furnished  to  me  by  the 
officers  of  the  Coast  Survey,  originally  showed  a  slight  bend 
opposite  the  mouth  of  Chesapeake  Bay,  probably  indicating  a 
corresponding  notch  in  the  bottom-slopes ;  but  this  was  over- 
looked by  both  the  engraver  and  the  proof-reader.  In  the  Gulf 
of  Mexico,  the  angles  of  the  soundings-lines  point  directly  to 
Pensacola,  the  deepest  harbor  of  the  Gulf;  and  this  line,  con- 
tinued, meets  the  Tallapoosa  River  at  its  abrupt  angle  near 
Montgomery.  I  have  been  informed  (by  Prof.  Nicholson,  of 
Knoxville,  Tenn.,  I  think)  that  a  broad  valley,  with  high 
terraces,  but  now  deserted  by  the  river,  runs  directly  south  from 
this  angle  of  the  Tallapoosa,  as  if  on  a  direct  course  for  Pensacola. 
During  the  Champlain  period,  when  the  streams  of  all  this 
region  were  from  170  to  200  feet  or  more  above  their  present 
level,  this  Tallapoosa  river  received  a  large  share  of  the  drainage 
of  East  Tennessee  and  Western  North  Carolina ;  and  I  have 
suspected  that  this  old  channel  was  the  line  of  outflow  of  this 
great  flood,  direct  to  the  deep  water  of  the  Gulf.  The  Gulf  of 
Maine  and  the  Gulf  of  St.  Lawrence  are  well  marked  by  the 

^Borden,  Geological  Survej  of  Indiana  for  18t3,  p.  181. 
f  Geology  of  Blinoia,  iv,  22t. 
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fathom-lines.*  The  drift  of  icebergs,  as  marked  by  dots  on  the 
small  corner-map,  shows  the  source  of  the  material  of  the 
"banks"   of    Newfoundland,   and   the  area  over  which   the 

frowth  of  the  continent  is  now  most  actively  going  forward, 
t  is  also  evident  that  the  shallowness  of  the  Strait  of  Belle  Isle, 
which  prevents  the  passage  of  any  but  the  smallest  icebergs,  is 
the  principal  means  of  preventing  the  filling  up  of  the  deep 
channel  of  the  Gulf  of  St  Lawrence  with  the  sediment  now 
dropped  on  the  '*  banks." 

I  shall  be  under  deep  obligations  to  all  who  will  be  so  kind 
as  to  furnish  exact  data  for  corrections  to  be  made  in  future 
editions  of  the  chart 


Art.  XXXVn. —  Observations  upon  the  latest  Planetoids  ;  by  C. 
H.  F.  Peters.  [From  a  letter  to  one  of  the  Editors,  dated 
Litchfield  Observatorv  of  Hamilton  College,  Clinton,  N.  Y., 
Sept  5,  1876] 

As  the  moonlight  now  for  some  days  is  interfering  with 
observing  the  small  planets,  I  communicate  of  the  observations 
hitherto  obtained  the  first  and  last  positions  of  each,  omitting 
for  brevity^s  sake  the  intermediate  ones.  The  dates  of  discov- 
ery and  the  names  proposed  of  these  new  additions  to  the  group 
are  the  following : 

|166^  Lorelex/y     10*7  magnitude,  discovered  Aug.  9. 
|l66^  Rhodope^  11*2  magnitude,  discovered  Aug.  15. 
167)    Urda^        12     magnitude,  discovered  Aug.  28. 

1.  Observations  of  Loreley: 

1876.     Meantime.  a  6 

hms  bms  o/« 

Aug.    9.10  34  27         2127  46-57  -10    0  10*7     (16  comp.) 

Aug.  27.   10  26  49         21  13     2*52  -10  13     S'S     (10) 

besides  observations  of  Aug.  10,  11,  12,  13,  17,  20,  21,  28. 

2.  Observations  of  Rhodope : 

1876.     Mean  time.  a  6 

Aug.  16.   12  27    2         213124-30  -19  16  16.1     (14) 

Aug.  28.   11  33  39         21  21  55*06  -21     7  20-0     (10) 

besides  Aug.  17,  20,  21. 

3.  Observations  of  Urda : 

1876.     Mean  time.  a  6 

b     m     s  \k     m         B  ^ 

Aug.  28.  14  18  21         21  58  3228  -  11  33  4*1-4     (12) 

Aug.  30.   13  35  16  21  57     1-33  -11  23  29*5     (12) 

*  On  the  map,  by  the  mistake  of  the  engraver,  the  60-fathom  line,  along  the 
west  side  of  the  Ghilf  of  St  Lawrence,  is  made  fast  like  the  IQO-fBJldhnai^si<^« 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Ettimation  of  Nitrogen  in  Potable  Waters. — ^Fbank- 
LAND,  in  a  paper  on  the  analysis  of  potable  waters,  gives  the 
results  of  eight  additional  years  of  experience  with  the  waters 
supplied  to  London.  He  says  that  the  two  chief  objects  to  be 
kept  in  view  are  "  the  discovery  of  the  evidence  of  past  pollution 
by  organic  matter  and  the  quantitative  determination  of  present 
or  actual  organic  impurity."  With  reference  to  the  first  point,  he 
gives  his  opinion  that  the  presence  of  nitrogen  in  the  forms  of 
nitrates,  nitrites  and  ammonia  in  potable  waters,  in  quantity  above 
that  which  can  be  derived  from  rain,  is  reasonably  safe  and  trust- 
worthy evidence  of  the  previous  pollution  of  that  water  by  animal 
matters.  As  to  the  second,  he  shows  that,  of  the  four  processes 
proposed  for  determining  organic  constituents,  known  as  the  igni- 
tion, the  permanganate,  the  albuminoid-ammonia  and  the  combus- 
tion methods,  the  two  first  are  quite  useless ;  of  the  third  he  con- 
cludes from  the  extended  experiments  made  by  himself  and  others: 
1st,  that  it  affords  no  evidence  whatever  of  the  absolute  quantitv, 
either  of  organic  matter  or  of  organic  nitrogen,  present  in  potable 
water;  2d,  that  it  does  not  indicate,  even  approximately,  the 
relative  quantities  either  of  organic  matter  or  of  organic  nitrogen 
in  different  samples  of  such  water ;  Sd,  that  it  affords  no  indica- 
tion either  of  the  presence  or  of  the  proportion  of  albuminoid  as 
distinguished  from  other  nitrogenous  organic  compounds ;  and 
4th,  that  it  is  entirely  useless  therefore  in  the  examination  of 
waters  for  sanitary  purposes.  The  combustion  process,  however, 
devised  by  himself  nine  years  ago,  he  believes  to  be  reliable.  He 
claims  for  it :  Ist,  that  it  is  the  only  method  at  present  known 
which  affords  any  trustworthy  information  respecting  the  organic 
matters  present  m  potable  waters ;  2d,  that  it  is  the  only  method 
which  even  professes  to  determine  organic  carbon  in  such  waters; 
dd,  that  the  determinations  by  it  of  organic  carbon  and  nitrogen 
are  fairly  accurate,  notwithstanding  the  very  minute  quantities  of 
matters  dealt  with ;  and  that  the  errors,  even  of  a  comparatively 
inexperienced  analyst  are  far  within  the  limits  which  would  affect 
a  verdict  upon  the  quality  of  the  water  submitted  to  investiga- 
tion ;  4th,  that  it  is  the  only  process  which  discloses  the  proper 
tion  of  nitrogen  to  carbon  in  the  organic  matter  of  waters,  such 
information  being  often  of  prime  importance  in  reference  to  the 
origin  of  the  organic  matter;  and  5th,  that  since  the  modifications 
which  have  been  made  in  the  mode  of  evaporation  the  process  can 
now  be  conducted  in  any  laboratory  and  with  a  moderate  expen- 
diture of  time  and  labor. — J,  Ch.  6'oc.,  clxii,  825,  June,  1876. 

G.  F.  & 

2.  On  the  Absorption  of  Nitrogen  by  Organic  subsUmces.— 
Bebthelot  has  found  that  pure  nitrogen  gas  is  absorbed  by  o^ 
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ganic  bodies  at  the  ordinary  temperature,  under  the  influence  of 
the  silent  electric  discbarge.  Benzene,  for  example,  absorbed,  for 
every  gram  used,  four  or  five  cubic  centimeters  of  nitroeen ;  the 
benzene  being  exposed  either  in  vapor  or  in  very  thin  layers  of 
liquid.  A  condensed,  polymerized  compound  resembling  a  resin, 
collected  on  the  sides  of  the  tube,  which  evolved  ammonia  when 
heated.  Turpentine,  marsh  gas  and  acetylene  act  similarly.  Filter 
paper  slightly  moistened,  absorbs  notable  quantities  of  nitrogen, 
when  thus  treated,  which  is  set  free  as  ammonia  on  combustion 
with  soda-lime.  The  same  fact  was  observed  with  dextrin.  Since 
neither  nitrates  or  nitrites  nor  ammonia  is  produced,  the  author 
believes  that  a  complex  nitrogenous  compound  is  formed  by  the 
direct  union  of  the  free  nitrogen  with  the  substance  employed. 
He  considered  these  facts  of  importance  relative  to  the  fixation  of 
atmospheric  nitrogen  in  nature. — BuU.  Soc  Ch.y  II,  xxvi,  58, 
July,  1876.  G.  F.  B. 

8.  Action  of  the  Copper-zinc  Couple  on  Chlorates  and  Perchh- 
rates. — Eccles,  working  under  Thorpe's  direction,  finds  that  potas- 
sium chlorate  is  easily  and  completely  reduced  to  chloride  by  the 
action  upon  its  solution  at  the  boiling  temperature,  of  a  properly 
made  zinc-copper  couple ;  so  that  an  accurate  quantitative  method 
may  be  basea  on  it.  Potassium  perchlorate,  however,  undergoes 
no  change  under  these  conditions.  This  fact  the  author  has  made 
excellent  use  of,  to  prove  that  the  decomposition  of  the  chlorate 
by  heat  takes  pj^ce  in  two  stages,  in  the  first  of  which  perchlorate 
is  produced.  The  progress  of  the  decomposition  may  also  be  ac- 
curately studied  in  this  way.  No  perchlorate  is  formed,  however, 
if  manganese  dioxide  be  added  to  the  chlorate. — Ji  Ch.  Socy  clxii, 
856,  June,  1876.  g.  f.  r. 

4.  On  a  supposed  shifting  of  Atoms. — Demole  has  examined 
critically  the  substance  obtained  by  Baumstark  by  the  action  of 
an  alcoholic  solution  of  iodine  upon  ethylene,  to  which  he  assigned 
the  formula  G.H9IO,  and  which  he  supposed  to  be  ethylidene- 
iod-ethylin.  The  improbability  of  the  ethylene  grouping^  being 
changed  to  that  of  ethylidene  by  this  simple  action,  led  Demole 
to  prepare  the  ethylene  compound  synthetically  with  a  view  to 
compare  its  properties  with  those  of  the  new  body.  For  this  pur- 
pose, mono-ethyl-glycol  was  prepared,  and  treated  with  phos- 
phorus iodide.     The  reaction  is : 

( { cg:8S.H.).+".=(  1  gS:^c,H  j +p«>H).- 

The  substance  thus  obtained  was  found  to  be  identical  in  its  pro- 
perties with  that  obtained  bv  Baumstark.  His  body  is,  therefore, 
ethylene-iod-ethylin.  By  the  action  of  sodium-ethylate  on  It, 
acetal  is  produced. — Ser.  BerL  Chem.  Oes.^  ix,  748,  «f une,  1 876. 

G.  F.  B. 

5.  On  Crystallized  Glycerin. — Van  Hamel  Roos  has  examined 
a  quantity  of  fifty-six  pounds  of  crystallized  glycerin.  The  crys- 
tals are  monoclinic,  perfectly  colorless,  and  of  a  pure  sweet  taste. 

Am.  Joub.  Roi.— Thibd  Sbbibs,  Vol.  XII,  No.  70.— Oct.,  1878. 
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Placed  in  ordinary  good  glycerin,  they  cause  the  formation  in  it 
of  magnificent  crystals.  When  melted  at  60**  F.  the  liquid  has  a 
specific  gravity  of  1*261.  This  cooled  to  30°  F.  solidifies  easily 
by  the  introduction  of  a  small  crystal  of  glycerin.  At  24°  F.,  the 
solidification  is  spontaneous  after  some  time,  though  agitation 
seems  to  be  indispensable.  The  melted  glycerin  is  much  less 
easily  fermented,  and  hydrocyanic  acid  is  without  action  upon  it. 
Since  the  crystallization  of  glycerin  depends  on  its  being  pure 
and  anhydrous,  the  formation  of  crystals  is  the  best  test  of  purity, 
and  at  the  same  time  the  best  method  of  purification. — J,  Chem. 
Soc.^  clxi,  651,  May,  1876.  G.  P.  a 

6.  On  the  Lactic  acid  obtained  from  Inosite. — Scheerer,  the 
discoverer  of  inosite,  mentions  its  breaking  up  by  fermentation 
into  lactic  acid.  Vohl,  the  discoverer  of  phaseomannite,  which 
he  subsequently  proved  to  be  identical  with  inosite,  also  proved 
the  identity  of  the  lactic  acid  from  this  substance,  with  the  ordi- 
nary lactic  acid  of  fermentation.  This  statement  having  been 
called  in  question  by  Hilger,  Vohl  fermented  260  grams  inosite 
dissolved  in  two  liters  of  water,  by  the  aid  of  putrid  cheese  with 
the  addition  of  chalk,  at  a  temperature  of  25°  to  28°  R.  The 
thick  mass  of  calcium  lactate  was  treated  with  animal  charcoal, 
boiled  and  filtered  hot.  On  cooling,  calcium  lactate  crystallized 
out  and  was  purified  by  repeated  crystallization.  These  crystals 
had  29*098  per  cent  crystal  water;  the  salt  of  common  lactic  acid 
contains  29*221,  that  of  sarcolactic  acid  21*721.  The  zinc  salt 
gave  18*104  per  cent  water,  the  quantities  of  the  two  salts  re- 
spectively being  18*178  and  12*901.  Moreover,  the  insolubility  of 
the  zinc  salt  showed  it  to  be  common  lactate.  Oxidation  yielded 
acetic  and  formic  but  not  a  trace  of  malonic  acid. — JBer,  JSerl. 
Chem.  Ges.j  ix,  984,  July,  1876.  g.  f.  b. 

7.  Synthesia  of  Polyhasic  Acids  by  the  action  of  Carbon  diox- 
ide 07i  Salicylic  acid. — Ost  finds  that  by  passing  a  stream  of  dry 
carbon  dioxide  gas  over  basic  sodium  salicylate,  the  gas  is  ab- 

sorbed  and  an  acid  formed   having   the  formula  ^eOH  rYK)H 

which  he  calls  ortho-phenol-dicarbonic  acid.  A  similar  tricar 
bonic  acid  is  also  formed  in  this  way. — J.  pr,  Ch,^  II,  xiv,  93, 
July,  1876.  G.  F.  B. 

8.  Freezing  of  Colloids, — Prof.  Guthrie  described  to  the  Lon- 
don Physical  Society  some  experiments  on  the  freezing  of  aqueous 
solutions  of  colloid  substances,  which  he  has  been  studying  in 
connection  with  his  recent  investigation  on  cryohydrates,  etc.  If 
a  solution  of  sugar  be  gradually  cooled,  the  temperature  at  which 
ice  separates  out  is  always  below  0°  C.  and  the  extent  below  in- 
creases with  the  amount  of  sugar  in  solution ;  but  he  finds  that  in 
a  solution  of  gum  having  exactly  the  same  chemical  formula,  the 
ice  always  separates  at  0°  C.  whatever  be  the  amount  of  gum 
present.  Thus  while  every  crystalline  substance  forms  a  freezing 
mixture  when  mixed  with  ice  or  snow,  colloids  are  incapable  of 
doing  so.     The  gum  and  the  water  do  not  recognize  each  other ; 
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and  similar  results  were  obtained  in  the  case  of  selatine  and  albu- 
men. These  facts  are  strictly  in  accordance  with  the  results  of 
Prof.  Graham's  classical  researches.  It  also  follows  that,  when 
heated,  similar  effects  are  observed,  and  Prol  Guthrie  has  found 
that  solutions  of  gum  in  varying  proportions  always  boil  at  100°  C. 
— Nature^  xiv,  264.  b.  c.  p. 

9.  Mxplosion  of  Fire  Damp, — M.  Mallard  has  measured  the 
velocity  of  inflammation  of  various  mixtures  of  fire-damp  and  air. 
Various  mixtures  were  set  in  motion  with  different  velocities,  and 
that  velocity  at  which  the  zone  of  combustion  remained  stationary 
measured  the  velocity  sought.  The  highest  velocity  of  inflamma- 
tion was  560  meters  per  second,  and  it  occurred  in  a  mixture  of 
0*108  voL  of  fire-damp  in  one  volume  of  the  mixture.  On  increas- 
ing or  diminishing  the  proportion  of  fire-damp,  the  velocity  in 
question  diminished  very  rapidly,  becoming  nil  with  a  proportion 
of  -077  vol.  on  the  one  hand,  and  0*165  vol.  on  the  otner,  below 
which  the  mixtures  are  neither  explosive  or  inflammable.  It  is 
notable  that  a  variation  of  even  0*01  in  the  proportion  of  fire- 
damp is  sufficient  to  convert  an  absolutely  indinerent  mixture  into 
a  highly  dangerous  one. — J^ctturforscher^  Feb.,  1 876 ;  Nature^  xiv, 
202.  E.  c.  p. 

10.  Velocity  of  Electricity, — Dr.  W.  Siemens  has  measured  the 
velocity  of  propagation  of  electricity  in  land  telegraph  lines  by 
the  following  apparatus :  two  condensers  have  their  outer  termi- 
nals connected  by  a  metallic  wire.  Their  inner  terminals  are  at- 
tached to  two  pomts  placed  near  a  registering  cylinder  connected 
with  the  earth.  The  connection  for  one  point  is  a  short  wire,  and 
for  the  other  a  telegraph  line.  The  two  condensers  are  discharged 
simultaneously  by  connecting  their  outer  terminals  with  the  earth 
when  the  cylinder  gives  the  interval  which  has  elapsed  between 
the  two  sparks.  Instead  of  the  telegraph  line  a  rubber  tube  thirty 
meters  long  and  twenty  millimeters  in  diameter  and  filled  with 
sulphate  of  zinc  was  first  used.  The  interval  between  the  dis- 
charges was  inappreciable,  and  certainly  did  not  exceed  five  mill- 
ionths  of  a  second.  With  a  line  25*36  kms.  long,  the  retardation 
was  125-millionths ;  with  another  of  23*37  kms.  the  retardation 
wns  101-millionths,  and  with  a  third  of  7*35  kms.,  thirty  millionths. 
These  times  are  nearly  proportional  to  the  length  of  the  lines. 
The  capacity  of  the  two  shorter  lines  was  '15  and  -063  microfarads 
and  their  resistance  eight  Siemens  per  kilometer.  The  retardation 
by  comparison  with  that  of  condensers  of  known  capacity  ought 
to  be  onlv  two  millionths  of  a  second.  Thus  the  retardation  ob- 
served  is  much  greater  than  that  required  to  charge  the  cable 
and  is  not  proportional  to  the  square  of  the  length.  M.  Siemens 
concluded  from  this  that  the  electricity  has  really  a  velocity  of 
propagation.  It  must  be  remarked,  however,  that  the  insulation 
of  the  lines  was  not  observed,  and  that  slight  leakages  through 
the  supports  would  have  the  effect  of  increasing  the  time  necessary 
to  charge  the  line,  and  of  rendering  it  more  nearly  proportional 
to  the  length. — Pogg.  Ann.y  clvii,  309;  Joum.  de  Phys,^\,^11^. 
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11.  Polarization   Currents. — MM.  Schilleb  and  Callet  de- 
scribe an  experiment  showing  the  electro-dynamic  action   of  a 

Solarization  current.  It  is  well  known  that  water  cannot  be 
ecomposed  by  a  single  Daniell's  cell ;  but  if  a  voltameter  and 
galvanometer  are  inserted  in  the  circuit  of  such  a  cell  the  needle 
deviates  at  the  moment  of  making  or  breaking  the  circuit.  These 
well  known  facts  have  led  some  persons  to  compare  a  voltameter 
to  a  condenser  of  great  capacity.  The  question  is  to  determine 
whether  the  liquid  conductor  can  exercise  an  electro-dynamic 
action  while  the  electrodes  are  being  charged.  A  priori^  this  is 
not  self-evident,  but  is  established  by  the  following  experiments 
In  a  Wiedemann's  galvanometer,  one  of  the  bobbins  was  replaced 
by  a  coil  formed  of  a  rubber  tube  filled  with  water  free  from  air 
and  slightly  acidulated.  The  coil  consisted  of  thirteen  turns  six 
centimeters  in  diameter.  The  resistance  was  1600  Siemens.  The 
two  bobbins  jfoue  metallic,  the  other  licjuid)  were  so  placed  that 
the  current  ot  four  Daniell  cells  traversing  both  at  the  same  time 
and  decomposing  water  did.  not  deviate  the  needle.  The  four 
cells  were  then  replaced  by  a  single  one.  On  closing  the  circuit 
no  deviation  was  observed  but  on  removing  the  metallic  bobbin  a 
deflection  was  obtained  amounting  in  the  first  swing  to  twenty 
divisions. — Jbum.  de  Phya.^  v,  261.  s.  c.  p. 

12.  Magnetic  Induction, — M.  Chwolson  presents  a  second  val- 
uable memoir  on  the  mechanism  of  magnetic  induction,  which 
process  he  seeks  to  explain  by  the  supposed  existence  of  molecular 
magnets  which  are  turned  by  the  external  force  in  one  direction. 
In  his  former  paper  he  dealt  with  the  case  of  temporary  induction 
in  soft  iron ;  he  here  treats  of  magnetic  induction  in  steeL  The 
paper  is  in  five  chapters ;  in  the  first  are  summarized  the  results 
obtained  by  previous  observers,  those  of  Jamin  being  given  with 
special  fulness.  In  the  second  the  author  describes  his  experi- 
ments, which  require  a  modification  of  Jamin's  theory.  Of 
Jamin's  two  laws  relating  to  the  action  of  positive  and  negative 
currents  or  permanently  magnetized  bars,  Mr.  Chwolson  finds 
the  first  absolutely  correct ;  the  second  incorrect.  Jamin's  mistake 
he  considers  to  be  in  the  supposition  that  the  negative  current 
acts  only  on  the  surface  layers,  leaving  those  below  untouched; 
it  is  shown  on  the  contrary,  that  the  least  negative  current  acta 
on  all  the  lasers  and  diminishes  their  intensity.  Then  he  gives 
a  mathematical  theory  of  induction  in  steel ;  supposed  the  first 
attempt  of  the  kind  (if  MaxwelPs  but  partly  successful  one  be 
excepted).  In  the  fourth  chapter  he  explains,  on  the  basis  of 
theory,  the  various  experimental  results  got  by  diflferent  obser- 
vers ;  and  in  the  fifth  shows  how  certain  results  that  miffht,  d 
priori^  be  foreseen  from  the  theory,  have  been  verified. — IPogg, 
Ann,  Erganz,^  vii,  4;  Nature^  xiv,  202.  s.  c  p. 

13.  Conetante  of  Nature,  Parts  II  and  m,  and  first  supplemeot 
to  Part  L  Compiled  bv  F.  W.  Clark,  Prof,  of  Chem.  Univ. 
Cincinnati  1876.  Wasnington.  Smithsonian  Misc.  Collections, 
Nos.  276,  287,  288.    Part  11  of  Prof.  Clark's  thorough  and  very 
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useful  work,  indutles  a  table  of  specific  heats  for  solids  aud 
liquids ;  Part  III,  tables  of  expansion  by  heat  for  solids  and 
liquids ;  and  the  Supplement  to  Part  I,  specific  gravities,  boiling 
points,  and  melting  points. 

IL  Geology  and  Minebalogy. 

1.  On  the  Age  of  the  Vertebrate  JFhuna  of  the  Eocene  of  New 
Mexico;  by  Prof.  Cops.  (Proc.  Acad.  Nat.  Sci.  Philad.  for  April, 
1876.) — (/omparison  with  the  established  scale  of  geological  hori- 
zons of  Europe  has  established  the  fact  that  the  beds  in  question 
belong  to  the  Eocene  category,  as  I  have  already  shown*  to  be 
true  of  the  longer-known  Bridger  beds  of  Wyoming.  It  remains 
to  collate  them  with  the  numerous  subdivisions  of  that  period. 
The  differences  between  the  Wahsatch  and  Bridger  faunsB  have 
been  in  part  pointed  out  in  my  Report  on  the  Vertebrate  Fossils 
of  New  Mezico,t  1874,  and  may  be  more  fully  stated  as  follows: 

(1)  Divisions  found  in  the  Wansatch  beds  not  yet  reported  from 
the  Bridger  beds.  Aves,  senus  DiaJtryrna  (allied  to  Gaatornis) ; 
mammalia,  Tceniodonta;  J^henacodus;  Coryphodon;\  Menisco- 
therium  ;  most  species  of  Hyracotherium, 

(2)  Divisions  found  in  the  Bridger  beds  not  yet  found  in  the 
Wahsatch:  %»\ie%^  AmiidoB ;  reptiles,  Ophidia ;  Anostira;  mam- 
mals, MesonychiidcB ;  TiUodontia;  Adioenodon  ;  Ditiocerata;  Par 
keoeyopsj  most  species  of  Hyrachyya. 

The  Wahsatch  norizon  of  Wyoming  has  not  yielded  so  many 
species  of  vertebrata  as  those  of  New  Mezico,§  but  the  close  re- 
semblance of  the  two  £Aun»  may  be  observed  in  the  following  list 
of  forms  which  I  obtained  at  several  localities:  Fishes,  Siluroids; 
mammals,  Hyracotherium^  two  species;  Phenacodue ;  Corypho^ 
don^  two  to  three  species.  As  is  well  known,  the  Wahsatch  beds 
underlie  those  of  the  Bridger  group,  and  we  therefore  look  for 
their  European  equivalent  in  the  lower  part  of  the  series.  It  has 
been  already  pointed  out  I  that  the  absence  of  Hyopotamue  and 
Anoplotheriumy  and  allied  genera,  from  the  Bridger  horizon,  pre- 
cludes an  identification  with  the  Upper  Eocene  of  Europe.  The 
comparison  of  the  Wahsatch  fauna  with  that  of  the  lowest  of  the 
three  divisions  into  which  Professor  Gervais  has  arranged  the 
European  Elocene,  shows  a  remarkably  close  correspondence.  This 
epoch,  the  Suessonien  of  D'Orbigny  (Orthrocene,  Gervais),  includes 
the  marls  of  Rilly  and  lignites  of  Soissons,  the  Thanet  sands,  Lon- 
don clays,  etc.  Fossils  from  these  beds  appear  to  have  been  no 
better  preserved  than  those  of  the  Wahsatch  beds  of  the  Rocky 

*  Proceedings  American  Philosophical  Society,  1872,  Februarj  and  Julj. 

{Annual  Report  of  Ohief  of  Engineers,  p.  592. 
The  spedes  described  by  me  as  Baihrnodon  constitute  a  section  of  this  genus, 
characterized  by  the  absence  of  tubercle  or  ridge  between  the  inner  cusps  of  the 
last  lower  molar.    I  do  not  maintain  this  section  as  a  distinct  genus. 

fSee  Report  of  the  U.  S.  Geol.  Surv.  Terrs.,  4to,  ii,  pp.  33-39. 
Ann.  Report  U.  &  QeoL  Sunr.  Terrs.,  1873  (1874,. 
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Mountains,  yet  some  of  the  genera  are  identioal,  and  others  closely 
correspondent,  as  follows : — 

Wfthsatcb.  SaeMonlen. 

Ambloctonus.  PalsBonjrctis. 

Hyraootherium.  Hyracotherium. 

GoiyphodoD.  Coiyphodon. 

Diatryma.  GkigtomiB. 

Lepidosteus.  LepidoBteus. 

As  a  point  of  difference  between  the  beds,  may  be  mentioned  the 
absence  of  the  Toeniodonta  from  the  Suessonian,  a  sub-order  not 
yet  known  out  of  Noith  America. 

The  Wahsatch  formation  includes  the  Green  River  Beds  of 
Hayden,  a  name  which  I  formerly  used  for  the  entire  series.  It, 
however,  applies  properly  to  the  fish  shales  of  Green  River,  con- 
taining Anneopa^  Clupea^  OateogloMivniy  etc.,  which  are  probably 
local  in  their  character. 

The  Bridger  formation  will  then  represent  on  the  American 
continent,  more  nearly  than  any  other,  the  Middle  Eocene  or  Pa- 
risien  of  Cuvier,  Brongniart,  and  Renevier. 

The  teeth  of  sharks  described  in  the  reports  quoted  are  of  uncer- 
tain origin.  Thev  are  associated  with  oyster  shells,  and  both  have 
the  appearance  of  having  been  transported ;  nevertheless,  some  of 
the  mammalian  teeth  found  associated  with  them  have  a  similarly 
rolled  appearance.  It  therefore  remains  uncertain  whether  the 
ocean  had  for  a  limited  time  access  to  the  Eocene  lake,  or  whether 
the  shark's  teeth  and  Ostrece  were  derived  from  the  Cretaceous  beds 
which  formed  its  shores.  Similar,  and  in  one  instance  the  same 
species  of  sharks  were  found  in  both  formations,  the  division  of 
the  Cretaceous  being  No.  3  and  4  of  Hayden.* 

In  conclusion,  the  classification  of  the  North  American  Eocene 
may  be  represented  as  follows : — 

Formation.  EqalYalent.  Locality.         Characterlatlc  FoaaUt. 

Palffiosyops. 
Bridger  Fonn.  Middle  Eocene.  8.  W.  Wjoming.     •{  Tillodonti&. 

Dinocersta. 


Coiyphodon. 


Wahsatch  Form.        Lower  Eocene. 


iN.  E.  New  Mexico,  J  Tseniodonta. 
S.  W. 


Wjoming.  ]  Phenaoodus. 
Diatryma. 

2.  Note  upon  the  Geological  position  of  the  Serpentine  Lime- 
stone of  Northern  New  York,,  and  an  inquiry  regarding  the  rela- 
tions of  this  Limestone  to  the  Eozoon  Limestones  of  Canada,,  by 
Prof  James  Hall. — (The  following  is  an  abstract  of  this  paper  read 
before  the  American  Association  at  Buffalo.)  On  the  geological 
map  of  the  State  of  New  York  now  before  you,  you  will  observe 
a  large  area  in  the  northern  part  of  the  State,  colored  of  a  light 
reddish  tint.  The  formations  occupying  this  space  were  originally 
termed  Primary,  and  more  recently  Laurentian.     They  constitute 

*  The  same  state  of  things  exists  in  the  siderolitic  deposits  of  the  Canton  of 
Yaud,  Switzerland.  Mingled  with  the  mammalian  remains  are  teeth  of  sharks, 
of  which  M.  La  Harpe  remarks  that  their  appearance  does  not  warrant  the  belief 
that  they  have  been  transported,  or  are  not  indigenous  to  the  Eocene  fauna. 
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*the  oldest  rock  formations  of  the  State,  as  well  as  of  the  eastern 
part  of  the  continent,  although  we  well  know  that  they  represent 
sev^eral  geological  periods. 

The  counties  of  Essex,  Warren  and  Hamilton  are  almost  entirely 
occupied  by  rocks  of  the  Laurentian  system  proper,  while  a  large 
part  of  Clinton,  Franklin,  and  a  considerable  portion  of  Saratoga 
and  Herkimer,  are  occupied  by  the  same  geological  formations. 

The  eastern  part  of  Saratoga  and  Warren  and  the  shore  of  Lake 
Ghamplain,  in  Essex  and  Clinton  counties,  are  marked  by  the 
presence  of  the  Postdam  and  Calciferous  sandstone  and  the  Ohazy 
and  Trenton  Limestones,  one  or  all  of  them;  and  the  northern 
part  of  Clinton  presents  a  broad  outlying  area  of  the  Potsdam 
sandstone,  which  stretches  westward  across  Franklin  and  St. 
Lawrence  counties  and  thence  into  Canada. 

The  rocks  of  the  lower  division  of  the  Laurentians  consist  of 
black  horublendic,  gray  garnetiferous  and  coarse  feldspathic  and 
quart zose  gneisses,  with  extensive  beds  of  magnetic  iron  ore. 
These  are  succeeded  by  massive  beds  of  labradorite  rock — the 
hypersthene  rock  of  Emmons  and  other  granite  rocks.  This  part 
of  the  formation  is  marked  by  extensive  beds  of  titaniferous  iron 
ore.  The  succession  is  however  unconformable,  and  the  interval 
between  the  two  series  of  rocks  is  not  determined,  nor  does  it 
appear  to  be  determinable  from  examinations  thus  far  made 
within  the  State  of  New  York. 

Associated  with  these  gneissic  and  labradorite  formations  are 
one  or  more  bands  of  crystalline  limestone — the  primary  limestone 
of  Emmons.  This  limestone  is  usually  and  perhaps  always  per- 
meated by  serpentine  in  grains,  bands,  or  what  sometimes  appear 
as  concretionary  or  aggregated  masses  of  that  mineral.  This 
limestone  in  the  eastern  counties  of  northern  New  York  has  been 
considered  a  part  of  the  Laurentian  series,  and  is  thus  treated  I 
believe  by  all  geologists. 

Having,  in  1866,  been  occupied  in  some  critical  examinations  of 
the  region  in  the  neighborhood  of  Port  Henry  and  Westport,  I 
became  satisfied  that  the  limestone  of  that  neighborhood  did  not 
form  a  part  of  the  lower  Laurentian  series  of  strata,  but  uncon- 
formably  overlaid  the  upturned  edges  of  the  gneissic  beds  of  that 

Eortion  of  the  system.  Neither  does  it  conform  to  the  upper  or 
ibradorite  portion  of  the  system.  Having  had  occasion  to  pass 
over  the  same  region  almost  annually  since  that  period  I  have 
been  confirmed  in  my  previous  observations. 

The  limestone  in  the  neighborhood  of  Port  Henry  is  usually  a 
heavy  bedded  crystalline  limestone  with  grains  and  blotches,  and 
more  rarely  layers  of  serpentine.  Sometimes  it  is  conspicuously 
brecciated,  and  contains  fragments  of  gneissoid  rock  which  seem 
to  have  been  derived  from  the  strata  below,  upon  which  the  rock 
lies  miconformably.  The  same  belt  of  limestone  occurs  at  inter- 
vals, flanking  the  Laurentian  rocks  to  the  southward,  and  is  con- 
spicuously present  in  the  town  of  Minerva,  and  it  is  apparently 
tne  same  belt  which  is  known  in  Warren  county.  From  the  latter 
ocality  it  has  been  reported  as  containing  Eozoon. 
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The  limestoDes  of  St.  LawreDce  and  Lewis  counties  are  usnallf 
more  coarsely  crystalline,  with  larger  bands  of  serpentine,  and 
with  a  somewhat  different  association  of  minerals,  from  those  of  the 
eastern  counties,  and  the  identity  of  the  two  is  not  proveu. 
Nevertheless  these  limestones,  last  referred  to,  with  their  associated 
beds  of  granitic  and  other  rocks,  with  specular  iron-ore,  are  not  of 
true  Laurentian  age,  and  their  relations  to  the  latter  are  at  present 
not  well  determined,  except  that  they  are  of  more  recent  aate  in 
the  geological  series. 

The  simple  point  which  I  wish  to  demonstrate  is  that  this  lime- 
stone of  Essex  and  adjacent  counties  does  not  belong  to  the 
Laurentian  system,  either  lower  or  upper.  That  it  is  a  formation 
deposited  along  the  flanks  of^  and  within  the  Laurentian  area,  at  a 
period  subsequent  to  the  deposition,  metamorphism  and  disturb- 
ance of  the  rocks  of  authentic  Laurentian  age,  and  that  it  appar- 
ently holds  a  place  in  the  series  between  the  Laurentian  and 
Potsdam  periods,  but  whether  of  Huronian  age  or  otherwise  I  do 
not  pretend  to  say,  and  it  may  even  prove  of  later  date  than  this. 
With  these  facts  before  us  it  becomes  a  matter  worthy  of 
inquiry,  whether  the  Eozoon  limestones  of  Canada,  which  are 
associated  with  Laurentian  rocks  and  have  been  referred  to  that 
age,  are  really  Laurentian,  or  hold  the  place  and  position  of  those 
of  Northern  New  York. 

Note. — Since  preparing  the  statement  giving  views  here  pre- 
sented, I  have  been  informed  that  Mr.  Vennor,  of  the  Canadian 
Geological  Survey,  in  a  paper  read  before  the  Natural  History 
Society  of  Montreal,  has  expressed  an  opinion  that  the  Eozoon 
limestones  of  Canada  are  not  of  Laurentian  age.  Not  having 
seen  the  communication  I  am  only  able,  at  the  present  time  to 
add  this  note,  but  with  the  permission  of  the  Association  will 
make  a  more  extended  reference  in  the  final  publication. — Buffalo 
Courier^  Aug.  25. 

3.  On  the  Geology  of  the  Southern  Counties  of  New  York  and 
adjacent  parts  of  /Pennsylvania,  especially  with  reference  to  the 
Age  and  Structure  of  the  Catskill  Mountain  Range ;  by  James 
HiiLL  (Proc.  Amer.  Assoc,  1875,  p.  80). — The  object  of  this  paper 
is  mainly  to  state  and  illustrate  the  results  of  four  years  of  labor, 
chiefly  in  the  southern  counties  of  New  York  and  the  adjacent 
northern  portions  of  Pennsylvania,  by  Mr.  Andrew  Sherwood, 
assisted  by  Mr.  Clark  Sherwood,  under  my  direction. 

The  question  has  been  raised  regarding  the  existence  of  the  Old 
Red  Sandstone,  or  Catskill  group,  within  the  limits  of  New  York, 
although  a  considerable  area  had  been  thus  colored  on  the  original 
geological  map  of  the  State. 

The  assertion  of  the  non-existence  of  this  formation  in  the  State 
had  induced  me  many  years  since  to  review  some  portions  of  my 
work  of  1 844,  and,  while  in  the  main  features  it  was  found  correct, 
it  became  evident  that  something  farther  was  needed  in  the  eluci- 
dation of  the  structure  of  the  Catskill  region.  Li  fact,  it  became 
evident  that  one  could  travel  from  Schoharie  county  to  the  Penn- 
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sylyania  line,  on  rocks  of  the  Chemung  groan,  without  touching  or 
seeing  the  Old  Red  Sandstone.  And  from  this  circumstance  arose 
the  statement  of  the  ahsence  of  this  formation  from  the  State  of 
New  York.  It  became  a  very  different  matter,  however,  when  one 
crossed  the  same  region  of  country  from  east  to  west. 

After  several  visits  to  this  region,  and  notably  one  in  1857,  with 
Sir  William  El  Loean  and  Andrew  C.  Ramsay,  (the  latter  now 
Director  of  the  Bntish  Greological  Survey,)  the  question  of  the 
geological  age  of  this  great  accumulation  of  strata  assumed  a 
still  more  important  aspect ;  and  the  question  has  never  been  lost 
sight  of;  though  for  many  years  it  has  been  quite  impossible  for 
me  to  undertake  the  investigation. 

Referring  to  the  Geological  Map  of  New  York,  of  1843,  a  large 
area  is  colored  as  the  Catskill  Group  without  indication  of  geologi- 
cal structure.  A  similar  feature  was  seen  in  northern  New  York ; 
where  the  limits  of  the  Laurentian  system  had  barely  been  deter- 
mined. Geological  surveys  have  been  carried  on  with  too  much 
haste,  and  under  the  pressure  of  necessity,  from  limited  time; 
therefore  it  was,  that  we  were  compelled  to  content  ourselves  with 
determining  the  limits  of  formations,  and  not  the  structure,  which 
required  lone  and  careful  investigation. 

In  1870,  ^en  for  the  first  time  I  was  able  to  give  attention  to 
this  part  of  the  country,  there  was  no  definite  knowledge  of  the 
region ;  the  record  of  the  Geological  Map  had  been  controverted ; 
and  the  non-existence  of  the  Catskill  or  Old  Red  Sandstone,  within 
the  State  of  New  York,  was  the  prevalent  opinion. 

Mr.  Sherwood  was  employed  to  begin  his  investigations  in  the 
spring  of  187 1 ,  and  has  contmued  till  the  close  of  1874.  To  accom- 
plish the  work  represented  on  the  map  before  you  has,  therefore, 
cost  the  labor  of  two  men  for  four  years.  It  now  presents  the 
a^ect  of  a  piece  of  work  completed,  except  that  from  the  erroneous 
maps  of  the  State  we  are  unable  to  give  more  than  the  approximate 
limits  of  the  outcrops. 

The  work  has  not  only  accomplished  what  was  undertaken,  but 
has  proved  conclusively  the  existence  (first  suspected  in  1857)  of 
higher  formations,  lying  upon  the  red  Catskill  rocks. 

The  entire  region,  from  the  base  of  the  Catskill  range  to  the 
western  limits  of  the  red  rocks,  in  Chenango  county,  presents  a 
series  of  nearly  parallel  anticlinal  and  synclinal  foldis;  and  the 
same  structure  is  continued  to  the  western  limit  of  the  State, 
although  the  red  rocks  may  not  appear  within  the  State ;  and  the 
formation  probably  thins  out  entirely,  before  reaching  the  western 
boundary  of  New  York  and  Pennsylvania. 

The  topographical  sketch  presents  a  view  of  the  Catskill  ran^e 
from  the  east  side  of  the  Hudson  river,  opposite  to  Catskill,  look- 
ing over  the  shales  of  the  Hudson  River  Group ;  the  general  dip 
of  the  rocks  is  perceptible  in  their  inclination  to  the  southward. 
In  a  cross  section  of  this  range,  the  dip  of  the  strata  to  the  north- 
west and  southeast  is  shown,  forming  synclinal  and  anticlinal 
folds,  of  which  five  synclinals  and  six  anticlinals  are  included  in 
the  extent  given. 
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The  expreBsioD  of  the  map  Id  its  coloring  shows  the  direction 
and  extent  of  certain  belts  of  red  rock,  which  in  some  part  of  their 
extent  are  crowned  by  gray  sandstone  and  conglomerate,  referred 
to  the  Vespertine  and  Umbral  formations  of  Professor  Rogers,  and 
regarded  as  belonging  to  the  Carboniferous  age. 

These  belts  are  the  synclinal  axes,  which  sometimes  embrace 
the  higher  rocks  within  their  folds,  and  have,  in  some  localities, 
been  so  far  eroded  as  to  leave  only  a  narrow  belt  of  red  rock  ;  and 
even  this  has  been  in  many  places  removed,  and  the  erosion  has 
penetrated  deeply  into  the  rocks  of  the  Chemung  Group. 

Going  to  the  south  of  the  State  line,  these  synclinals  carry  out- 
liers of  the  Coal-measure,  greater  or  less  in  extent,  as  shown  by 
the  map.  In  the  Catskill  region  the  general  direction  of  these 
synclinals  and  adjacent  anticlinals  is  from  southwest  to  north- 
east ;  but  farther  to  the  westward  they  gradually  decline  in  abrupt- 
ness, and  assume  a  more  nearly  east  and  west  direction. 

The  anticlinals  are  everywhere  valleys,  along  which  the  streams 
flow  and  the  main  roads  of  the  country  are  made ;  the  road  from 
Kingston  to  Delhi  being  the  principal  exception.  In  going  to  the 
east  or  west  of  these  we  ascend  over  the  rough  and  broken  country 
formed  by  the  outcropping  of  the  Red  Sandstone  and  Conglom- 
erate. Owing  to  the  great  difficulty  of  crossing  this  country,  we 
have  long  remained  ignorant  of  its  geological  structure.  The 
synclinals  everywhere  present  high  and  broken  ridges,  and  more 
especially  so  when  the  Vespertine  and  Umbral  rocks  form  the  ter- 
minal mass. 

It  is  true  that  the  Delaware  and  Susquehanna  rivers  both  flow 
across  or  through  these  synclinals,  in  channels  made  by  deep  erosion. 

The  parallel  ridges  of  the  high  country  culminate  in  the  Catskill 
mountains,  where  we  have  an  elevation  of  nearly  4,000  feet  above 
tide-water.  The  cause  of  this  greater  elevation  is  shown  to  be  due 
to  the  convergence  of  three  synclinals,  which,  presenting  such  a 
mass  of  material  to  the  eroding  forces,  has  prevented  the  anticlinals 
from  being  excavated  below  the  red  rocks  of  the  Catskill  forma- 
tion. To  this  condition  we  are  indebted  for  the  higher  portions  of 
the  range,  which  present,  in  a  topographical  aspect,  only  an  irreg- 
ularly scattered  mass  of  mountain  elevations. 

The  section  exhibited,  crossing  the  Catskill  range  from  Schene- 
VU8  to  Glasco,  is  on  a  line  south  of  the  culminating  ridges,  and 
therefore  does  not  present  the  highest  points  of  the  range.  The 
lower  rocks  of  the  section  are  of  the  Chemung  Group ;  but  the 
relations  of  all  these  are  shown  on  the  smaller  section  from  the 
Mohawk  to  Carbondale. 

The  lower  beds  shown,  of  Portage  and  Chemung,  have  a  thick- 
ness of  more  than  2,000  feet ;  while  the  rocks  above,  which  may 
be  referred  to  the  Catskill,  are  about  3,000  feet  thick,  and  the 
higher  beds,  of  Vespertine,  extending  to  the  summit  of  Round-Top, 
may  be  reckoned  at  about  800  feet.* 

♦  That  the  entire  mountain  elevation  above  tide-water  does  not  exceed  4,000 
feet,  is  due  to  the  dip  of  the  strata,  which  niAkes  the  elevation  bo  much  less  than 
the  thickness. 
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The  passage  from  the  red  rocks  to  the  gray  sandstone  and  con- 

flomerate  is  gradual,  with  alternations  of  red  and  gray  rocks,  and 
oes  not  afford  any  strong  line  of  demarcation. 

The  remains  of  Hbloptf/chitis,  in  the  form  of  hony  plates,  frag- 
ments of  bone,  etc.,  extend  through  a  thickness  of  more  than  two 
hundred  feet. 

In  its  western  extension,  the  red  rock,  with  its  alternations  of 
green  and  mottled  beds,  shows  a  gradual  thinning,  and  finally 
seems  to  be  lost  entirely. 

One  of  the  greatest  difficulties  met  with  in  this  investigation, 
has  been  the  occurrence  of  red  and  greenish  shales  in  the  Chemung 
and  Portage  beds ;  and  the  finding  of  gray  beds  with  Chemung 
fossils  at  an  elevation  of  at  least  one  hundred  and  fifty  feet  above 
the  base  of  the  red  rocks,  which  had  always  been  referred  to  the 
Catskill  formation. 

We  have  fijoally,  however,  ascertained,  as  I  believe,  the  limits  of 
the  formation,  and  though  not  always  in  strong  contrast  with  the 
rocks  below,  we  have  been  guided  both  by  physical  and  biological 
conditions. 

Id  the  interval  between  well-marked  Chemung  and  typical  Cats- 
kill,  there  are  beds  of  intermediate  character,  and  we  sometimes 
find  a  few  fossils  of  the  lower  rocks.  The  same  means  of  distinc 
tion  do  not  occur  in  all  localities.  In  some  places  the  indications 
of  the  Catskill  are  in  the  red  shales  and  diagonally  laminated 
sandstones.  In  other  places  we  find  a  mass  of  vegetation,  with  or 
without  the  presence  of  the  large  Lamellibranch  known  as  Cypri- 
cardites  CcUskiUensis.  The  occurrence  of  this  fossil  may,  in  my 
opinion,  be  relied  on  as  characterizing  the  base  of  the  Catskill 
formation,  while  the  Hbloptychius  marks  the  beds  above,  but  still 
is  not  known  above  the  middle  of  the  formation. 

Another  question,  involved  in  this  investigation,  has  been  the 
determinations  of  the  relations  of  these  red  rocks  to  the  superior 
sandstones  and  conglomerates,  which  in  eastern  New  York  and 
Pennsylvania  are  known  as  Vespertine  and  UmbraL  The  question 
also  as  to  the  character  of  these  latter  rocks  in  their  western  exten- 
sion, is  one  of  great  interest,  and  whether  the  Waverly  sandstones 
of  Ohio  may  or  may  not  be  a  continuation  of  the  former. 

In  some  localities  in  the  border  counties  of  western  Pennsylvania, 
the  rocks  regarded  as  the  Waverly  Group  of  Ohio,  rest  directly 
upon  the  Chemung ;  and  the  fossils  of  the  Chemung  pass  into  the 
higher  beds  and  mingle  with  other  species  regarded  as  Carbonif- 
erous forms. 

Indeed,  from  the  little  I  have  seen,  I  should  say,  that  in  the 
region  referred  to,  there  are  more  species  of  fossils  passing  from 
the  Upper  Chemung  into  the  Waverly  formation,  than  there  are 
species  passing  from  the  lower  to  the  upper  division  of  the  Che- 
mung group  proper. 

The  question  is  of  great  interest  in  view  of  the  supposed  horizon 
of  Carboniferous  forms;  but  if  we  are  able  to  substantiate  the 
foregoing  proposition,  I  think  it  will  be  shown  that  the  Chemung 
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fauna  continued  its  ezistenoe  till  after  the  appearance  of  Carbon- 
iferous forms,  and  that  the  two  faunas,  if  they  can  be  properly  so 
regarded,  lived  in  the  same  sea  and  at  the  same  epocn ;  and  the 
question  of  the  limits  between  Devonian  and  Carboniferous  forma- 
tions, is  likely,  at  least  for  some  time,  to  remain  undetermined  in 
some  parts  of  the  country. 

The  work  is  still  unfinished  in  the  western  part  of  the  State ; 
but  we  have  indications  of  what  we  may  expect  to  find  on  farther 
investigation. — Proc,  Amer.  AsaoCy  Detroit,  1876,  p.  80. 

4.  On  the  JShronon  of  Rocks  ;  by  E.  B.  Andrews.  (Communi- 
cation to  the  Editors,  dated  Lancaster,  Ohio,  Sept.,  1876.) — 
Attention  having  been  ]*ecently  called  to  the  subject  of  erosion 
by  the  excellent  papers  of  Mr.  G.  E.  Gilbert,  I  beg  a  little  space 
to  present  one  feature  of  the  weathering  of  rocks,  which  may  be 
worthy  of  more  consideration  than  it  has  received. 

In  some  counties  in  Ohio,  where  the  Waverly  sandstone  assumes 
a  coarse  semi-conglomeratic  character,  and  in  our  Coal-measures 
where  the  sand  rock  is  coarse  and  massive,  we  find  many  narrow 
valleys  bordered  by  high  cliffs,  from  fifty  to  two  hundred  feet 
high.  These  clifb  often  overhang  their  bases  forming  recesses  of 
from  thirty  to  one  hundred  and  fifty  feet  in  depth  from  a  vertical 
line  dropped  from  the  top.  These  rock-walled  valleys  when  fol- 
lowed up  are  often  found  to  terminate  in  semi-circular  cliffs  over 
which  the  little  streams  fall  in  pretty  cascades.  Behind  the  falls 
we  find  large  semi-circular  or  crescent-shaped  caverns,  forming 
recesses  sometimes  large  enough  to  hold  regiments  of  men.  The 
streams  are  generally  very  small  and  often  become  dry  in  the 
summer.  They  have  worn  for  themselves  only  slight  channels  in 
the  top  rock, — the  rock-roof  of  the  cavern — ^but  the  point  where  the 
water  strikes  below  is  too  far  away  from  the  side  walls  of  the 
cavern  to  admit  of  any  direct  erosion,  or  of  any  mechanical  under- 
mining of  the  cliff  Ordinarily  the  whole  range  of  the  cavern 
wall  is  dry.  But  not  so  in  time  of  freshet.  Then  the  water 
comes  down  with  great  force  of  concussion,  and  the  cavern 
becomes  a  "cave  of  the  winds."  The  spray  is  driven  into  the 
inmost  recesses  and  the  moisture  with  the  help  of  frost  disinte- 
grates the  rocks.  This  spray  from  muddy  waters  leaves  a  coating 
of  mud  upon  the  walls  of  the  cavern.  Thus  spray  becomes  the 
agent  of  undermining  the  cliff,  just  as  the  coal-miner  makes  his 
"  bearing-in "  in  the  lower  part  of  the  coal  seam.     In  time,  the 

Erojecting  table-rocks  fall  and  the  valley  is  practically  formed, 
a  this  way  an  enormous  amount  of  valley  erosion  has  been  pro- 
duced in  sandstone  regions.'*'  A  fine  illustration  of  valley-making 
by  means  of  a  spray-formed  cavern  may  be  seen  near  the  "  Am 
Cave,"  in  the  western  part  of  Hocking  County,  Ohio.  The  Ash 
Cave  is  itself  only  a  remnant  of  a  spray-cavern.  The  overhanging 
cliff  formed  a  dry  and  desirable  shelter,  and  the  recess  was  long 

*  The  erosion  at  the  Falls  of  Niagara,  bj  spraj  driven  bj  wind  against  the 
shale,  is  referred  to  by  Ljell,  in  his  aooount  of  the  region  given  in  hia  ^  Travela 
in  North  America,"  page  36,  and  also  by  Prol  James  Hall  in  his  New  York  Geo- 
iogical  Beport 
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used  by  IndiaiiBy  who  have  left  upon  its  floor  a  large  accumulation 
of  the  ashes  of  their  fires, — a  pile  100  feet  long  by  perhaps  30  feet 
wide,  and  two  and  a  half  feet  deep, — in  which  I  have  found  buried 
human  bones,  seeds,  and  many  Indian  relics.  The  water-fall,  with 
its  semi-circular  cavern,  is  a  hundred  rods  above  the  Ash  Cave.  A 
rimilar  large  spray  cavern  is  found  on  a  small  tributary  of  Salt 
Creek,  a  few  miles  below  Jackson,  in  Jackson  County.  Here  the 
rock  is  a  Coal-measure  conglomerate.  I  have  seen  hundreds  of 
these  caverns  in  coarse  heavy-bedded  sandrocks  of  the  West. 

It  may  be  well  to  add  to  the  foregoing  statement  the  fact  that 
there  are,  in  the  Waverly  sandstone  region,  numberless  valleys 
with  terminal  circular  arched  cliffs,  which  in  the  retrocession  of 
the  falls  have  been  carried  so  far  back  toward  the  top  or  center  of 
the  dividing  ridges  as  to  leave  for  themselves  drainage  areas  quite 
too  small  to  afford  water  enough  to  continue  the  work  of  canon- 
making.  The  streams,  being  only  small  affluents  of  the  larger 
ones,  and  often  not  more  than  half  a  mile  long,  were  at  first  large 
enough,  when  in  freshet,  to  make  the  spray  caverns  and  to  remove 
the  waste  at  the  foot  of  the  terminal  cliffs.  But  now,  with 
drainage  area  above  the  falls  reduced  to  almost  nothing,  the 
water,  even  in  its  highest  stage,  is  too  feeble  a  porter  to  carry 
away  the  waste,  and  the  heads  of  the  canons  are  slowly  filling  up 
from  local  disintegration,  etc.  The  famous  Rock  House,  in 
Hocking  County-^pictured  in  Ohio  GeoL  Report  for  1870,  p.  83 — 
ia  an  illustration  of  cafion-makine  in  its  last  stages.  Tlie  little 
stream,  which  has  worked  out  the  cafion,  is  probably  not  more 
than  half  a  mile  long  from  head  to  outlet,  and  of  this  length 
three-quarters  are  below  the  falls.  The  terminal  cliff  is  1 1 5  feet 
high.  This  cliff  is  near  the  summit  of  a  hill,  and  the  drainage  of 
very  few  acres  forms  the  insignificant  brooklet  that  trickles  over 
the  edge  and  down  the  face  of  the  rock.  The  whole  length  of 
the  top  edge  of  the  cliff  from  side  to  side  of  the  chasm  is  probably 
not  less  than  600  feet.  The  streamlet  which,  when  I  saw  it,  a 
child  might  almost  divert  from  its  course  by  a  shingle,  has  changed 
its  place  from  time  to  time,  and  so  has  operated  along  the  whole 
face  of  the  cliff  At  the  point  back  of  the  spot  where  the  waters, 
when  in  freshet,  must  now  strike  the  bottom  is  a  small  recess, 
formed  by  the  weathering  action  of  the  spray.  A  small  channel  is 
kept  open  below  the  falls,  but  the  stream  is  able  now  to  carry 
away  onlv  a  small  part  of  the  waste  of  the  cliff  and  the  wash  of 
the  soil  al>ove  the  cliffy  and  the  work  of  filling  up  has  begun.  The 
Rock  House,  proper,  is  a  magnificent  corridor  high  up  in  the  clifl^ 
formed  by  the  action  of  the  little  stream  passing  down  a  crack 
parallel  to  the  face  of  the  rock  and  finding  outlets  in  transverse 
cracks. 

5.  It^fxyrt  on  the  Oeology  of  the  Eastern  portion  of  the  Uinta 
JiountaifiSj  and  a  region  of  country  adjacent  thereto  ;  by  J.  W. 
PowBLL.  218  pp.  4to.,  with  plates  and  sections,  and  also  a  folio 
atlas.  Washington,  1876. — Major  Powell,  in  this  sequel  to  his 
Report  on  the  Colorado  region  published  in  1875,  embraces,  be- 
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sides  the  results  of  his  stady  of  the  TJinta  MountainB,  a  general 
consideration  of  the  wide  range  of  facts  he  has  observed  in  the 
West.  He  gives,  in  systematic  form,  the  views  he  has  arrived  at 
with  regard  to  the  nature  of  the  mountain  structures  of  the  region, 
and  the  system  in  the  faults,  folds,  and  displacements  of  the  rocks ; 
also  detailed  sections  of  the  series  of  sedimentary  strata  involved 
in  the  displacements,  from  the  lowest  rocks  to  the  top  of  the  Ter- 
tiary, and  the  distribution  of  these  rocks  in  the  Uinta  Mountains ; 
finally,  he  treats  of  the  special  structure  of  these  mountains,  and 
of  the  methods  and  results  of  their  de^adation.  The  subject  of 
displacements  is  admirably  illustrated  by  his  plates,  two  of  which 
are  stereographic ;  and,  owing  to  the  bare  condition  of  the  surfieuse, 
the  facts  have  been  made  out  with  an  exactness  and  amount  of 
detail  impossible  in  regions  of  soil  and  forests.  An  excellent  fea- 
ture of  the  work  is  the  natural  scale  of  all  its  sections,  in  place  of 
the  usual  exaggerations.  The  views  are  partly  those  adopted  by 
Mr.  Gilbert.  We  propose  to  cite  at  length  from  the  volume  in 
another  number  of  this  Journal.  The  Report  also  contains  a  Pale- 
ontological  Report  by  Prof.  C.  A.  White,  treating  of  Carbonifer- 
ous, Jurassic,  Cretaceous  and  Tertiary  Invertebrate  fossils,  some 
of  them  new  species. 

6.  On  a  Gigantic  Bird  from  the  Eocene  of  New  Mexico^  by 
Prof  Cope.  (Proc.  Acad.  N.  8.  Philad.,  Feb.,  1876.)--Pro£  Cope 
exhibited  a  tarsometatarsus  of  a  bird,  discovered  by  himself  during 
the  explorations  in  New  Mexico  conducted  by  Lieut.  G.  JML 
Wheeler,  U.  S.  A.  The  characters  of  its  proximal  extremity  re- 
semble in  many  points  those  of  the  order  Cursores  (represented 
by  the  StruthionidoB  and  Dinornis)^  while  those  of  the  distal  end 
are,  in  the  middle  and  inner  trochlear,  like  those  of  the  Oastornis 
of  the  Paris  Basin.  Its  size  indicates  a  species  with  feet  twice 
the  bulk  of  those  of  the  ostrich.  The  discovery  introduces  this 
group  of  birds  to  the  known  faunie  of  North  America  recent  and 
extinct,  and  demonstrates  that  this  continent  has  not  been  desti- 
tute of  the  gigantic  forms  of  birds,  heretofore  chiefly  found  in  the 
Southern  Hemisphere  faunie.     The  description  is  as  follows : 

The  hypotarsus  is  moderatelv  prominent,  with  a  broad  truncate 
face,  and  does  not  inclose  the  ligamentous  groove  of  its  inner  side. 
Its  superior  angle  is  broken  away  in  the  specimen.  The  two  fora- 
mina which  pierce  the  shaft  just  below  the  head,  are  well  separated 
from  each  other  both  on  the  posterior  and  anterior  faces,  marking 
nearly  equal  thirds  of  the  transverse  diameter  of  the  bone.  The 
cotyloid  cavities  for  the  tibio-tarsus  are  bounded  by  an  elevated 
margin,  and  are  separated  medially  by  a  single  low  oblique  ridge. 
The  groove  of  the  posterior  face  is  particularly  wide,  and  the 
inner  part  of  the  shaft  is  thinned,  while  the  outer  border  is  broadly 
convex.  The  proximal  part  of  the  inner  border  (as  far  as  it  is 
preserved)  is  marked  with  a  flat  surface  which  is  roughened  with 
ridges,  which  is  perhaps  the  sutural  articulation  of  the  proximal 
end  of  the  metatarsus  of  the  hallux.  No  such  surface  exists  on 
the  corresponding  bone  of  the  ostrich  or  emeu.     Only  two  of  the 
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free  distal  phalangeal  extremities  are  pi-eserved.  The  shaft  is 
broken,  showing  that  its  interior  is  filled  with  cancellous  tissue. 
The  free  extremities  are  remarkable  for  the  great  inferior  extent 
of  the  articular  trochlear  face.  The  median  is  strongly  CTOOved 
with  an  obtuse  excavation,  and  the  lateral  or  bordering  ridges  are 
equal  and  rounded.  The  groove  is  continuous  with  the  superior 
surface,  but  not  with  the  inferior.  There  the  convergent  lateral 
ridges  inclosing  the  open  groove,  terminate  in  an  abrupt  elevation 
above  the  adjacent  surface  of  the  shaft.  The  sides  at  this  point 
are  concave.  The  inner  free  condyle  has  an  oblique  articular  face, 
the  external  ridge  dropping  away  internally  as  in  many  birds,  and 
produced  beyond  the  mner  ridge,  distally.  The  aiticular  face  be- 
comes then  a  part  of  a  spiral,  and  is  little  grooved  above,  but 
strongly  grooved  medially.  The  vertical  diameters  of  the  sides 
differ,  the  inner  being  much  greater,  and  both  are  concave.  A 
strong  foramen  pierces  the  shaft  just  within  the  point  of  junction 
of  the  inner  and  medial  free  extremities. 

Meaawrementa,  m. 

Transverse  diameter  of  proximal  end  of  tarsometatarsus '100 

Antero-posterior  do.  (partly  inferential) "070 

Interval  between  penetrating  foramina  on  anterior  face  shaft *017 

(  Long  diameter -050 

Median  distal  condyle  •<  Vertical  diameter -048 

f  Transverse  diameter. -040 

I  Long  diameter '037 

Internal  distal  condyle  •<  Vertical  diameter -040 

(  Transverse  diameter '031 

The  large  size  and  wide  separation  of  the  penetrating  foramina, 
and  the  thin  internal  edge  with  suturul  articular  facet,  distinguish 
this  form  as  distinct  from  any  of  the  genera  of  Struthionidae  and 
Dinomithida).     It  is  therefore  named  l)iatryma  gigantea. 

7.  Fifth  Annual  Report  of  the  Geological  Survey  of  Indiana 
made  during  the  year  1873 ;  by  E.  T.  Cox,  State  Geologist.  494 
pp.  8vo,  with  maps. — This  volume  contains  a  general  report  by 
Professor  Cox ;  a  report  on  Clarke  and  Floyd  counties,  by  W.  W. 
Borden;  on. Warren,  Lawrence,  Knox,  and  Gibson  counties,  by 
jVlr.  John  Collett  ;  and  observations  in  DeEalb  and  other 
counties,  by  G.  M.  Levette. 

Footprints  of  Labyrinthodont  character,  found  by  Mr.  Collett 
near  the  base  of  the  Coal  Measures  in  Warren  county,  are  de- 
scribed and  figured ;  they  are  1^  to  1^  inches  long,  and  1  to  1^ 
broad,  all  5-toed,  and  the  stride  is  three  inches.  The  species  is 
named  by  Prof.  Cox  Collettosaurus  Indianensia, 

A  tripoliy  from  "  pockets"  in  the  cherty  limestone  above  Coal 
K,  in  Dubois  county  consists,  according  to  Dr.  J.  Gardner,  almost 
wholly  of  spicules  of  sponges ;  and  in  one  cherty  nodule  from  the 
same  vicinity,  there  was,  in  a  cavity  near  its  center,  a  slight  net- 
work of  the  glassy  filaments  of  the  Hponge,  about  which  concretion 
took  place,  indicating,  as  stated  by  Dr.  Gardner,  that  the  horn- 
stone  nodules  found  m  the  cherty  beds  correspond  each  to  a  fossil 
sponge. 
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Several  terraces  exist  on  the  border  of  Lake  Michigan,  near 
Michigan  City,  the  highest  of  which — the  fifth — ^is  elevated  225 
feet  above  the  lake,  "nie  fourth  is  95  feet  above  the  same  level, 
and  contains  much  coarse  gravel. 

8.  Fossil  Plants  of  the  Coal-measures  of  Terrera^  in  the  Atacama 
district,  ChUu  (Bull  Soc  Geol.  de  France,  HI,  iii,  572,  1876.)— 
The  plants  are  Jurassic,  of  the  Lower  Lias  or  Rhastic  beds,  and 
included  Jeanpaulia  MUnsteriana  Presl.,  Angiopteridium  Munr 
steri  GkBpp.,  a  Pecopteris  (P.  Fuchst),  near  P.  Qappertiana, 

ILL  Botany  and  Zoology. 

1.  Sensitive  Stigmas  cut  an  aid  to  cross  fertilization  of  Flow- 
ers;  by  Prof  W.  J.  Beal,  ^Proc.  Amer.  Assoc.,  Buffalo.) — The 
flowers  of  Martynia  prohosciaia,  a  plant  sometimes  raised  in  our 
gardens  for  pickles,  has  flowers  drooping  at  an  angle  of  about 
forty-five  degrees.  At  the  opening  on  the  upper  side  are  two  flat 
stigmas,  curved  back  away  from  each  other,  exposing  the  surface 
which  is  sensitive  to  pollen.  Farther  on  are  the  four  anthers,  side 
by  side,  with  their  cells  placed  end  to  end.  The  opening  is  just 
lar^e  enough  to  take  in  the  humble  bee,  or  the  common  hive  bee 
will  do  as  well 

I  have  been  carefully  watchine  the  Martynia  plants  for  several 
weeks,  since  they  have  been  in  flower,  every  day  and  at  nearly  all 
hours  and  sometimes  several  times  a  day.  I  have  the  plants  in 
four  places,  two  of  which  are  beds  about  four  feet  by  ten.  They 
are  among  other  beds  of  flowering  plants  which  are  ti*eely  visited 
by  various  kinds  of  insects.  I  felt  quite  sure  that  the  humble  bee 
transferred  pollen  on  his  back,  because  I  found  the  stigmas  cov- 
ered with  pollen  and  closed  before  night  each  day.  I  could  not 
contrive  how  else  the  pollen  could  be  transferred.  I  began  to  fear 
I  should  have  to  give  it  up.  But,  one  morning  about  nine  o^clock, 
I  saw  a  single  humble  bee  pass  from  flower  to  flower  on  nearly 
every  specimen  on  one  patch  of  plants.  The  visit  lasted  only  a 
few  moments.  All  parts  are  qmte  sticky  with  glutinous  hairs 
which  seem  to  annoy  the  bees  very  much.  I  have  never  seen  but 
one  bee  on  the  flowers  of  Martynia ;  she  aliehted  on  the  spotted, 
showy  part  of  the  corolla,  and  crawled,  first  hitting  the  stigmas. 

One  of  the  most  interesting  points  is  now  to  be  explained.  The 
stigmas  are  sensitive  to  the  touch,  and  close  up  in  five  to  ten  sec- 
onds ;  often  before  the  insect  is  ready  to  back  out  of  the  flower. 
If  they  are  not  quite  closed  at  that  time,  the  bee  shuts  them  by 
pushing  her  back  against  the  back  of  one  of  the  stigmas.  The 
lower  lobe  of  the  flat  stiema  next  to  the  bee's  back  is  the  larger. 
No  pollen  can  be  left  as  the  insect  retreats.  A  cross  of  pollen  is 
usually  certain.  If  not  very  freely  dusted  with  pollen  the  stigmas 
open  again  in  about  fifteen  minutes  ;  if  well  dusted  I  have  kno¥ni 
them  to  remain  closed  afterward. 

The  single  flat  stigma  of  the  iris,  one  on  each  of  three  sides  of 
the  flower,  has  often  been  shown  to  be  sure  of  cross-fertilization,  if 
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fertilized  at  all.  Some  years  ago  I  examined  hundreds  of  speci- 
mens as  they  were  fertilized  by  bees.  The  stigma  closes  up  after 
it  is  covered  with  pollen.  It  is  sensitive  to  the  touch ;  perhaps 
only  slowly,  but  I  think  it  moves  back  in  a  few  seconds.  I  have 
examined  no  specimens  lately  with  special  reference  to  this  point. 
The  stigmas  of  Mimultis  ringena  are  curved  out  like  those  of  the 
Martynia,  and  project  beyond  the  anthers.  I  have  seen  small  na- 
tive Hymenoptera  visit  this  plant,  always  crawling  in  with  the  back 
down,  although  Mdhler  says  in  personate  flowers  the  bees  always 
get  their  backs  up  as  they  pass  m.  The  stigmas  of  this  Mimulus 
are  slowly  sensitive,  closing  in  a  few  moments  after  they  are 
touched  or  well  supplied  with  pollen.  The  stigmas  of  the  mimu- 
his  liUeus  and  Mimulua  moschatuSj  and  likely  other  species,  close 
very  quickly  after  being  touched.  Tecoma  radicana  and  Tecoma 
grandiflora  and  probably  other  species,  are  very  much  like  Mar- 
tynia in  the  peculiarities  mentioned.  I  have  not  lately  had  the 
opportunity  of  examining  the  flowers  of  the  Bigonia  or  Catalpa 
but  I  shall  expect  to  find  them  cross-fertilized  in  the  same  way  as 
Tecomia  aided  by  sensitive  stigmas.  Utricularia  vulgaris^  one  of 
our  larger  common  bladderworts,  has  a  yellow  irregular  flower 
which  considerably  resembles  that  of  the  snap-dragon.  The 
stigmas  act  much  as  in  Martynia.  The  lower  lip  of  the  stigma  is 
much  the  larger  and  when  touched  bends  up  close  against  the 
upper  lip  of  the  corolla  just  under  an  arch-like  projection.  The 
other  nice  adaptions  for  securing  cross-fertilization  are  rather  com* 
plicated  and  need  not  be  given  at  this  time. 

Pinguicula  is  quite  simUar  in  structure  to  the  Utricularia  and 
is  likely  sensitive  in  its  stigmas,  and  fertilized  in  the  same  way. 
All  the  stigmas  which  I  have  seen  that  are  sensitive,  stand  with 
one  side  toward  the  space  visited  by  insects,  and  if  there  are  two 
together,  the  larger  stigma  comes  next  to  the  body  of  the  insect. 
— jBufalo  Courier,  Aug.  26,  1876. 

2.  On  the  theory  of  Evolution  ;  by  Prof.  Cope.  (Proc.  Acad. 
Nat.  Sci.  Philad.,  Feb.,  1876.) — Prof.  Cope  gave  a  history  of  the 
progress  of  the  doctrine  of  evolution  of  animal  and  vegetable  types. 
While  Darwin  has  been  its  prominent  advocate  within  the  last  few 
years,  it  was  first  presented  to  the  scientific  world,  in  a  rational 
form,  by  Lamarck  of  Paris,  at  the  commencement  of  the  present 
century.  Owing  to  the  adverse  influence  of  C'uvier,  the  doctrine 
remained  dormant  for  half  a  century,  and  Darwin  resuscitated  it, 
making  important  additions  at  the  same  time.  Thus  Lamarck 
found  the  variations  of  species  to  be  the  primary  evidence  of  evo- 
lution by  descent.  Darwin  enunciated  the  law  of  *'  natural  selec- 
tion'' as  a  result  of  the  struggle  for  existence,  in  accordance  with 
which  *'the  fittest''  only  survive.  This  law,  now  generally  ac- 
cepted, is  Darwin's  principal  contribution  to  the  doctrine.  It, 
however,  has  a  secondary  position  in  relation  to  the  origin  of 
variation,  which  Lamarck  saw,  but  did  not  account  for,  and  which 
Darwin  has  to  assume  in  order  to  have  materials  from  which  a 
^natural  selection"  can  be  made. 

Aic  JouB.  8oi..  Thibd  Sbbibs^Vol.  XII,  No.  70,— OcT.,\Qn^, 
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The  relations  exhibited  by  fally  grown  animals  and  plants  with 
transitional  or  embryonic  stages  of  other  animals  and  plants,  had 
attracted  the  attention  of  anatomists  at  the  time  of  Lamarck. 
Some  naturalists  deduced  from  this  now  universally  observed  phe- 
nomenon, that  the  lower  types  of  animals  were  merely  repressed 
conditions  of  the  higher,  or  in  other  words,  were  embryonic  stages 
become  permanent.  But  the  resemblances  do  not  usually  extend 
to  the  entire  organism,  and  the  parallels  are  so  incomplete,  that 
this  view  of  the  matter  was  clearly  defective,  and  did  not  constitute 
an  explanation.  Some  embryologists,  as  Lercboullet  and  Agassiz, 
assert^  that  no  argument  for  a  doctrine  of  descent  could  be  drawn 
from  such  facts. 

The  speaker,  not  adopting  either  view,  made  a  full  investiga- 
tion into  the  later  embryonic  stages,  chiefly  of  the  skeleton  of  the 
Batrachia,  in  1865,  and  Prof.  Hyatt,  of  Salem,  Mass.,  at  the  same 
time  made  similar  studies  in  the  development  of  the  Ammonites 
and  Nautili.  The  results  as  bearing  on  the  doctrine  of  evolution 
were  published  in  1869  (in  " The  Origin  of  Genera").  It  was  there 
pointed  out,  that  the  most  nearly  related  forms  of  animals  do 
present  a  relation  of  repression  ana  advance,  or  of  permanent  em- 
Dryonic  and  adult  type,  leaving  no  doubt  that  the  one  is  descended 
from  the  other.  This  relation  was  termed  exax^t  parallelism.  It 
was  also  shown,  that,  if  the  embryonic  form  were  the  parent,  the 
advanced  descendant  was  produced  by  an  increased  rate  of  growth, 
which  phenomenon  was  called  (zccelercUion  ;  but  that,  if  the  embry- 
onic type  were  the  offspring,  then  its  failure  to  attain  to  the  con- 
dition of  the  parent  is  due  to  the  supervention  of  a  slower  rate  of 
growth;  to  this  phenomenon  the  term  retardation  was  applied. 
It  was  then  shown  that  the  inexact  parallelism  was  the  result  of 
unequal  acceleration  or  retardation  ;  that  is,  acceleration  affecting 
one  organ  or  part  more  than  another,  thus  disturbing  the  cx>mbi- 
nation  of  characters  which  is  necessary  for  the  state  of  exact  paral- 
lelism between  the  perfect  stage  of  one  animal  and  the  transitional 
state  of  another.  Moreover,  acceleration  implies  constant  addition 
to  the  parts  of  an  animal,  while  retardation  implies  continual  sub- 
traction from  its  characters,  or  atrophy.  He  has  also  shown 
(Method  of  Creation,  1871),  that  the  additions  either  appeared  as 
exact  repetitions  of  preSxistent  parts,  or  as  modified  repetitions^  the 
former  resulting  in  simple,  the  latter  in  more  complex  organisms. 

Professor  Haeckel,  of  Jena,  has  added  the  keystone  to  the  doc- 
trine of  evolution  in  his  Gastraea  theory.  Prior  to  this  generaliza- 
tion, it  had  been  impossible  to  determine  the  true  relation  existing 
between  the  four  types  of  embryonic  growth,  or,  to  speak  other- 
wise than  that  they  are  inherently  distinct  from  each  other.  But 
Haeckel  has  happily  determined  the  existence  of  identical  stages 
of  growth  (or  segmentation)  in  all  of  the  types  of  eggs,  the  last 
of  which  is  the  gastnUa;  and  beyond  which  the  identity  ceases. 
Not  that  tlie  four  types  of  gastrula  are  without  difference,* but  this 
difference  may  be  accounted  for,  on  plain  principles.  In  1874, 
Hseckel,  in  his  "Anthropogenic,"  recognizes  the  importance  of  the 
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iiregnlarity  of  time  of  appearance  of  the  different  characters  of 
animals  during  their  perioa  of  growth,  as  affecting  their  permanent 
structure.  While  maintaining  the  view  that  the  low  forms  repre- 
sent the  transitional  stages  of  the  higher,  he  proceeds  to  account 
for  the  want  of  exact  correspondence  exhibited  by  them  at  the 
present  time,  by  reference  to  this  principle.  He  believes  that  the 
relation  of  parent  and  descendant  has  been  concealed  and  changed 
by  subsequent  modifications  of  the  order  and  appearance  of  charac- 
ters in  growth.  To  the  ori^nal  simple  descent  he  applies  the 
term  paHngenesis  ;  to  the  modified  and  later  growth,  comogenesU. 
The  causes  of  the  change  from  palingenesis  to  ooenogenesis,  he  re- 
gards as  three,  viz :  acceleration,  retardation,  and  heterotopy. 

It  is  clear  that  the  two  types  of  growth  distinguished  by  Prot 
Haeckel  are  those  which  had  been  pointed  out  by  Prof.  Cope  in 
**The  Origin  of  Genera,"  as  producing  the  relations  of  "exact" 
and  "  inexact  parallelism ;"  and  that  his  explanation  of  the  origin 
of  the  latter  relation  by  acceleration  or  retardation  is  the  same  as 
that  of  the  latter  essay.  The  importance  which  he  attaches  to 
the  subject  was  a  source  of  gratification  to  the  speaker,  as  it  was 
a  similar  impression  that  led  to  the  publication  of  "  The  Origin  of 
Genera"  in  1869, 

It  remains  to  observe  that  the  phenomena  of  exact  parallelism 
or  palingenesis,  are  quite  as  necessaiily  accounted  for  on  the  prin* 
cipte  of  acceleration  or  retardation,  as  are  those  of  inexact  paral- 
lelism or  ooenogenesis.  Were  all  parts  of  the  organism  accelerated 
or  retarded  at  a  like  rate,  the  relation  of  exact  parallelism  would 
never  be  disturbed ;  while  the  inexactitude  of  the  parallelism  will 
depend  on  the  number  of  variations  in  the  rate  of  growth  of  differ- 
ent organs  of  the  individual,  with  additions  introduced  from  time 
to  time.  Hence  it  may  be  laid  down,  that  8ynchron<m8  accelerch 
tion  or  retardation  produces  exact  parallelism,  and  heterochronous 
acceleration  or  retardation  produces  inexact  parallelism. 

In  conclusion,  it  may  be  added  that  acceleration  of  the  segmen- 
tation, the  protoplasma  or  animal  portion  of  the  primordial  e^g, 
or  retardation  of  segmentation  of  tne  deutoplasma  or  vegetative 
half  of  the  egg^  or  both,  or  the  same  relation  between  the  growth 
of  the  circumference  and  center  of  the  egg^  has  given  rise  to  the 
four  types  which  the  segmentation  now  presents. 

An  analysis  of  the  laws  of  evolution  may  be  tabulated  as  fol- 
lows : — 

(  Exact  repetitioiL 

AeedercUian^  which  proceeds  by  <  Modified  repetitioii. 

(  Heterotopy. 

Mardation,  which  proceed,  by  j  g^.^^J'^y  („,  ^^^^^^ 

and  each  of  the  methods  may  be  either  of  Exact  parallelism^  the 
product  of  Palingen^eis^  which  is  synchronous  ;  or  Inexact  paral- 
telismj  the  product  of  CcenogenesiSy  which  is  heterochronous, 

3.  Mimicry  in  JButterflies  explained  by  Natural  Selection  ;  by 
S.  H.  ScuDDBB.      (Proc.  Amer.  Assoc,  Buffido.} — Fritz  Mtlller, 

*  So  called  bj  Professor  Hyatt 
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whose  contributions  to  science  are  always  worthy  of  especial  at- 
tention, endeavors  in  a  recent  German  periodical  to  show  how  the 
phenomena  of  mimicry  in  butterflies  may  be  explained  by  the 
theory  of  natural  selection.  He  bases  his  inquiries  upon  the 
species  of  Leptalis  found  in  southern  Brazil ;  and  although,  as  will 
appear  below,  he  adduces  reasons  for  believing  the  primitive  stock 
to  nave  been  banded,  and  not,  like  most  of  the  family  to  which 
the  eenus  belongs,  simple  white  butterflies,  he  commences  by 
showmg  how  even  such  an  extreme  change  could  be  wroueht  out 
by  the  survival  of  the  fittest  in  the  struggle  for  existence.  "  Should,** 
he  remarks,  ^'the  first  unimportant  variations  from  the  original 
white  color  (of  the  Pierids)  be  useful  only  in  attracting  to  their 

Possessors,  at  a  little  shorter  distance,  the  attention  of  enemies 
ying  constantly  overhead,  they  would  become  more  and  more 
useful,  and  cause  their  possessors  to  become  continually  more  abun- 
dant in  proportion  to  the  type,  they  could  therefore  serve  as  the 
basis  for  the  gradual  formation  of  a  resemblance  fit  to  deceive 
even  the  sharp  eyes  of  birds  scanning  the  swarms  of  Itbonias  (the 
butterflies  imitated  by  some  Ijeptalids)  for  booty."  Further  on  he 
asserts  that  *'*'  the  acceptance,  as  the  stalling  point  in  the  origin  of 
mimicry  by  natural  selection,  of  a  resemblance  having  its  begin- 
ning at  such  a  distance,  can  scarcely  be  shaken  by  a  single  known 
case.  It  should  moreover  not  escape  attention  that  the  sharpsight- 
edness  of  enemies  is  itself  also  a  quality  at  firat  gradually  acquired 
in  the  struggle  for  existence,  and  one  which  must  increase  from 
the  very  fact  that  by  protective  coloring,  mimicry,  &c.,  the  per- 
secuted species  escapes  the  less  sharp-sighted  pursuer.  This  ever 
increasing  sensitiveness  and  sharpsightedness  of  the  pursuer  on  the 
one  hand  explains  the  wonderful  completeness  of  many  natural  im- 
itations, and,  on  the  other,  makes  the  acceptation  of  an  originally 
very  slight  resemblance  the  less  hazardous." 

Fritz  MtLller  insists,  as  all  writers  on  the  subject  have  done,  upon 
the  similar  geographical  distribution  of  the  imitating  and  the  im- 
itated species,  as  a  necessary  concomitant  of  mimicry,  but  instead 
of  believing,  with  the  other  authors,  that  the  Leptalids  have  become 
poor  flyers  in  their  imitation  of  the  feeble- winged  Ithonias ;  he  holds 
that  the  wretched  powers  of  flight  possessed  oy  the  species  of  Lep- 
talis have  been  the  very  cause  of  mimicry ;  the  insects  needed 
mimicry  the  more  the  poorer  flyers  they  were.  Mimicking  species, 
of  course,  stand  between  their  original  type  and  the  mimicked  spe- 
cies ;  and,  since  mimickry  is  often  confined  to  the  female,  we  should 
expect  in  such  cases  to  find  the  following  series :  original  form, 
male  of  mimetic  species,  female  of  same.  Species  mimicked,  ta 
his  vicinity,  Mtlller  has  found  five  species  of  Leptalis,  of  which  only 
four  are  common  and  discussed  by  him.  Of  these  four,  LeptcdU 
melia  mimics  nothing ;  all  the  other  three  are  imitative  species, 
and  mimic  distinct  groups  of  butterflies ;  JLeptcUis  aatyname^  re- 
sembling a  Heliconian-like  Danaid,  MechanitU  Lf/simnia/  an- 
other, which  he  calls  Leptalis  thcUia^  mimicking  an  Acrasan,  Acrtm 
thcUiay  so  closely  that  MtLller  at  first  supposed  it  to  be  an  Acreao ; 
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and  the  last,  LeptalU  mdite^  beai-ing  a  close  resemblance  to  the 
female  of  one  of  its  own  family,  Leptoneura  Lycinunia. — Buffalo 
Daily  Courier^  Aug.  25,  1876. 

4.  A  Preliminary  Note  on  Menopoma  AUeghaniensis  of  Har- 
lan; by  A,  R.  Geote,  (Proc.  Amer.  Assoc,  Buffalo,  1876.^ — I  have 
been  able  to  examine  nearly  one  hundred  specimens  of  tne  Meno- 
poma AUeghanense,  the  aquatic  salamander  living  in  the  tributaries 
of  the  Mississippi,  taken  in  the  months  of  July  and  August  in  the 
Alleghany  river,  at  Olean,  N.  Y.  The  object  of  the  present  com- 
munication is  to  record  the  fact  that  the  more  reddish  unicolorous 
specimens,  which  have  been  described  as  a  distinct  species  under 
the  name  oifuscum  by  Holbrook,  and  which  are  retamed  as  a  dis- 
tinct species  by  Prof  Cope  in  his  check  list,  cannot  be  considered 
as  a  different  species  from  the  spotted  specimens  from  which  the 
original  description  seems  to  be  drawn.  We  have  one  species  in 
the  tributaries  of  the  Ohio  and  Mississippi,  and  not  two.  The  lar- 
ger, and  apparently  often  the  female  specimens,  are  referable  to 
Holbrook's  name.  Between  the  two  there  seems  to  be  all  possible 
grades,  and  from  the  same  locality,  although  the  two  extremes  are 
more  numerous,  and,  at  first  sight,  readily  picked  out. 

I  have  also  to  record  the  fact  that  the  animal  sheds  a  trans- 
p^nt  membrane,  which  I  believe  is  the  exterior  layer  of  the  skin. 
VVliile  observing  this  fact  in  the  aquarium  of  the  fiuffalo  Society 
of  Natural  Sciences,  P*ro£  S.  W.  Garman  and  myself  were  able  to 
find  an  almost  complete  skin,  all  the  feet  and  the  toes  being 
readily  perceived  while  floating  and  unfolding  it  in  the  water. 
This  same  skin  was  observed  at  first  gathered  in  the  mouth  of  the 
animal,  which  was  apparently  in  the  act  of  swallowing  it.  This 
last  observation  is  interesting,  since  a  similar  habit  had  been  pre- 
viously observed  in  the  case  of  the  common  toad.  All  individuals 
of  the  Menopoma  that  I  have  observed  have  in  the  water  an  inter- 
mittent swaying  motion  from  side  to  side.  While  I  have  not  been 
able  to  veriiy  the  comecture,  this  movement  of  the  body  may  be 
connected  with  the  effort  of  the  animal  to  get  rid  of  its  skin.  On 
the  other  hand  it  may  be  a  movement  to  attract  the  sexes,  or  con- 
nected with  the  breeding  period. 

In  Dactylethra  and  Cyclorhamphus  Prof  Garman  has  observed 
a  similar  shedding  of  the  skin.  We  may  predict  that  the  same 
thing  occurs  in  the  other  more  exclusively  aquatic  forms  NecturuB 
tetradactylits  {Menobranckus  lateralis  of  authors),  Amphiuma^  Si- 
ren^ and  also  in  the  forms  that  take  to  the  land,  as  Amblyatoma^ 
JPiethodon^  DesmogncUhus^  and  Diemyctylus^  as  well  as  in  Megalo- 
bcUrachus  of  Japan. 

I  have  to  record  also  the  fact  that  females  opened  on  August 
2 let,  contained  well  developed  eggs  attached  by  a  membrane  to 
the  ovary. 

I  finally  wish  to  record  the  important  fact  that  the  eggs  are  de- 
posited in  August.  (I  exhibit  one  taken  from  the  aquarium  this 
morning,  Aug.  30th,  1876.)  The  yolk  is  seen  floating  freely  in  a 
glairy  fluid,  enveloped  in  a  membrane  similar  to  that  co\vX.*aAs\\i^ 
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the  albumen  in  a  bird^B  egg  inside  the  shell  The  eggs  are  laid  in 
a  connected  string  and  impregnations  probably  occur  as  they  are 
extruded.     The  egg  takes  in  water  by  endosmosis. 

The  Menopoma  frequents  the  muddy  banks  of  the  river,  in  which 
to  secrete  its  eggs.  In  external  appearance  there  is  at  this  time  a 
change,  and  we  may  say  that  the  animal  puts  on  its  "  marriage 
dress."  The  tail  broadens  and  there  is  a  plaited  extension  of  tne 
skin,  along  the  sides  of  the  body.  The  Menopoma  is  nocturnal  in 
its  habits. 

5.  TTie  Entomological  Section  of  the  American  AesociaUon^ 
Buffalo^  If,  Y,  Address  of  Db.  LkConte,  President  of  the  Sec- 
tion,— After  noticing  some  of  the  evidences  of  progress  in  new 
publications,  etc..  Dr.  LeConte  added : 

I  would  gladly  stop  here,  but  a  sense  of  duty  to  science,  and 
my  obligation  to  you  alike  forbid  silence.  I  have  to  speak  of  a 
subject  of  a  disagreeable  nature. 

It  is  concerning  the  efforts  made  by  you  and  other  members  of 
the  Association  at  the  last  meeting  at  Detroit,  to  procure  the 
appointment  of  a  Commission  for  the  protection  of  Agriculture 
against  noxious  insects :  this  Commission  to  be  composed  of  prop- 
erly informed  men  of  science,  and  chosen  under  such  circumstances 
as  would  prevent  the  influence  of  political  bias,  or  personal  favor- 
itism. If  I  do  not  fatigue  your  memory  too  much,  you  will  recol- 
lect the  memorials  that  were  so  extensively  signed,  in  relation  to 
this  subject;  copies  of  which  memorials  are  again  before  you. 
These  memorials  were  extensively  circulated  at  the  West,  and 
were  signed  by  many  of  the  most  influential  bodies  for  the  promo- 
tion and  protection  of  agriculture  in  that  region.  During  the 
winter  these  memorials  were  sent  to  Congress,  in  the  expectation 
that  some  proper  legislation  would  follow.  One  of  the  Senators, 
in  fact,  introduced  a  bill  which  seems  to  have  been  very  carefully 
considered,  and  indeed  bears  upon  its  face  some  evidence  of  scien- 
tific guidance.  This  bill  provided  for  the  appointmeqt  of  three 
Commissioners  for  five  years :  the  Commissioners  to  be  nominated 
by  the  Council  of  the  >i  ational  Academy  of  Sciences  to  the  Secre- 
tary of  the  Interior.  This  bill,  having  been  referred  to  the  Com- 
mittee on  Agriculture,  was  returned  so  altered  in  form  as  to  pro- 
vide for  one  Commissioner,  to  be  appointed  by  the  Department  of 
Agriculture,  the  very  enemy  and  incubus  from  which  the  western 
agriculturists  specially  desired  to  be  relieved. 

The  bill  in  this  form  passed  the  Senate,  several  of  the  members 
taking  occasion  in  the  discussion  which  preceded  the  passage,  to 
talk  to  the  demonstration  of  their  own  ignorance  of  the  subject. 
However,  this  discussion  has  been  already  so  severely  commented 
upon  in  several  of  the  newspapers  of  the  Mississippi  valley,  that  it 
is  quite  unnecessary  for  me  to  add  anything  fartner,  except  the 
hope  that  the  Legislature  which  chooses  the  successors  of  those 
Senators  will  have  men  of  better  education  and  higher  intelligence 
offered  to  them  as  candidates  for  the  position. — Buffalo  Daily 
Courier^  Aug.  25,  1 876. 
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6.  ManucU  of  the  Vertebrates  of  the  Northern  United  States ; 
by  D.  S.  Jordan.  12mo,  342  pp.,  no  figures.  Chicago:  1876. 
(«Jansen,  McClurg  &  Co.) — To  collectors  and  others  who  chiefly  de- 
sire to  ascertain  the  names  of  species,  this  will  doubtless  prove  to  be 
a  very  convenient  and  useful  work,  especially  if  they  have  already 
acquired  considerable  familiarity  with  the  subject  by  the  use  of 
more  elaborate  works.  But  it  will  prove  of  little  value  as  a  genu- 
ine N  atural  History  of  our  vertebrates.  Inasmuch  as  works  of  this 
class  naturally  tend  to  foster  the  already  too  prevalent  idea  that 
the  study  of  "  zoology"  and  "  botany"  means  only,  or  chiefly,  the 
learning  of  the  names  and  habits  of  animals  and  plants,  they  may^ 
in  many  cases,  do  more  to  hinder  than  to  help  the  true  progress  of 
these  sciences.  In  the  present  work  we  find  little  more  than  the 
shortest  and  most  meagre  descriptions  of  the  species,  usually  with- 
out any  reference  whatever  to  habits,  while  the  characters  of  the 
genera  cannot  be  ascertained,  in  most  cases,  except  by  the  use  of 
"  analytical  tables,"  which  are,  for  the  most  part,  highly  artificial 

The  descriptions  of  the  families  and  orders  are  likewise  very 
brief  and  technical.  At  most,  it  should  be  regarded  only  as  a  con- 
venient key  ©r  index  to  the  names  and  classification  of  the  species 
included  in  it.  But  on  this  very  account,  the  absence  of  synonyms 
and  of  all  references  to  more  important  works,  in  which  the  species 
are  fully  described  or  figured,  is  a  very  serious  defect,  which  ren- 
ders it  far  less  useful  than  it  otherwise  might  have  been.  A  mere 
list  of  the  numerous  important  works  from  which  the  author  has 
compiled  his  book  woula  have  been  of  far  more  use  to  most  stu- 
dents than  any  other  part  of  the  book  of  similar  extent.  Although 
the  author,  in  the  preface,  admits  that  he  has  compiled  his  mate- 
rials from  numerous  authors,  he  seldom  indicates,  m  the  body  of 
the  work,  from  what  special  work,  or  even  from  what  author,  a 
statement  or  description  has  been  borrowed.  The  reliability  of 
such  compilations  depends  so  directly  upon  the  works  used  in 
compilation,  that  some  indication  should  always  be  given  of  the 
source  of  the  statements,  and  this  could  easily  have  been  done 
without  materially  increasing  the  size  or  cost  of  the  book.  The 
copious  index  and  glossary  at  the  end  are  good  features. 

There  are,  as  might  have  been  anticipated,  many  inaccuracies, 
and  also  some  important  omissions  of  species.  The  genus  Neoso- 
rcsc,  of  which  a  species  {N]  palustris)  was  described  by  the  writer 
from  Maine  and  Massachusetts,*  and  by  Pro£  Cope,  from  New 
Hampshire,  is  not  mentioned  at  all.  There  are  but  two  species  of 
Sorex  mentioned,  while  there  are  certainly  three,  and  perhaps  four 
species  in  New  England.  Blarina  angvsticepSy  a  well  markea  form, 
is  also  omitted.  The  American  bears  are  all  reduced  to  one  species, 
in  accordance  with  Mr.  J.  A.  Allen's  former  views,  which,  however, 
he  has  since  discarded,  as  noticed  in  the  last  number  of  this  Jour- 
nal. Among  the  fishes,  where  there  is  some  original  matter,  the 
author  has,  in  some  genera,  rejected  or  ignored  many  species 

*  Proceedings  Boeton  Soc.  Natural  History,  vol.  iz,  p.  164,  172,  225, 1862.     See 
also  N.fimbripea  (Bachmao,  sp.)  from  Pennsylyania. 
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recognised  by  other  writers,  which  is  an  easy,  if  not  satisfactory, 
way,  of  jumping  difficult  subjects.  This  is  especially  the  case  m 
the  Salmoniaffi  and  CatostomidsB.  y. 

7.  The  Five  Senses  of  Man ;  by  Julius  Bernstbix.  Inter- 
national Scientific  Series.  301  pp.,  91  wood-cuts.  New  York: 
1876.  (D.  Appleton  &  Co.) — In  this  work  the  author  has  presented 
very  clearly,  and  in  a  pleasing  manner,  the  more  important  facts 
and  theories  concerning  this  interesting  subject,  together  with 
statements  of  the  numerous  observations  and  experiments  recently 
made,  relating  to  the  senses.  As  many  of  these  recent  investiga- 
tions are  not  included  in  the  text-books  and  treatises  ordinanly 
used,  this  book  will  be  of  general  interest.  v. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  On  the  faU  of  a  Meteorite  in  Kansas  City^  Missouri^  in 
June^  1876;  by  John  D.  Parker.  (Letter  to  Editors  dated 
Kansas  City,  Mo.,  Aug.  2,  1876. — On  June  26,  1876,  between  the 
hours  of  nine  and  ten  in  the  morning,  a  small  meteorite  fell  upon 
the  tin  roof  of  Mr.  Isaac  Whittaker's  business  house,  No.  566 
Main  street,  Kansas  City,  Mo.  The  meteorite  came  down  with 
sufficient  force  to  cut  a  hole  in  the  tin  roof  on  the  front  part  of  the 
house  near  an  open  window,  but  not  passing  entirely  through  the 
tin,  it  bounded  back  a  few  feet  and  lay  on  the  roof.  Mrs.  Baker, 
who  occupies  rooms  in  the  front  part  of  the  house  in  the  second 
story,  and  Mrs.  Whittaker  were  standing  near  the  window  when 
the  meteorite  fell,  and  heard  the  sharp  concussion  when  it  struck 
the  roof  Mrs.  Baker  immediately  picked  up  the  meteorite  as  it 
lay  near  her  on  the  roof,  but  dropped  it  agam,  finding  it  too  hot 
to  retain  it  in  her  hand. 

The  meteorite  is  a  plano-convex  specimen,  about  one  and  three- 
quarter  inches  in  diameter,  and  about  one-tbird  of  an  inch  in 
thickness.  The  outside  or  convex  sui-face  possesses  the  usual 
crusted  appearance,  while  the  inside  or  plane  surface  differs  from 
ordinary  meteorites  in  possessing  the  appearance  of  sulphuret  of 
iron,  subjected  to  some  degree  of  heat,  instead  of  nickeliferous 
iron.  One  might  easily  infer  that  the  meteorite  was  shaled  off  from 
a  large  bolide  that  passed  over  the  city  at  that  time.  As  it  fell  in 
the  city,  I  have  named  it  the  Kansas  City  Meteorite.  It  has  not 
been  subjected  to  chemical  analysis. 

2.  American  Association  for  th^  Advancement  of  Science^  at 
Buffalo, — The  meeting  of  the  Association  at  Buffalo  opened  on 
Wednesday,  on  the  twenty-third  of  August.  Prof.  William  B. 
Rogers  was  the  President  of  the  meeting.  The  address  of  the 
retiring  President,  Mr.  J.  E.  PIilgard,  of  the  Coast  Survey, 
treated  of  the  recent  progress  in  the  department  of  Geodesy,  and 
especially  of  the  work  accoinplished  in  the  United  States.  There 
were  addi-esses  also  by  the  Vice-Presidents  of  the  sections.  Prof. 
C.  A.  Young  giving  a  review  of  recent  Astronomical  progress, 
Prof  E.  S.  Morse,  of  work  done  in  North  America  in  connection 
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with  the  subject  of  Evolution ;  and  Prot  G,  F.  Barkeb  treating 
of  "  the  Atom  and  the  Molecule." 

The  number  of  members  present  was  large,  and  the  hospitality 
of  the  citizens  of  Buffalo  unbounded.  Besides  other  entertain- 
ments, there  was,  without  expense  to  the  members,  an  excursion 
on  Saturday  to  Niagara  Falls,  where  a  generous  lunch  was  furn- 
ished them  by  Mr.  John  L.  Bush  at  his  mansion ;  and  on  the 
following  Wednesday,  over  the  Chautauqua  Lake,  to  Jamestown, 
seventy  miles.  Between  four  and  five  hundred  persons  went  on 
these  excursions. 

A  number  of  distinguished  foreign  men  of  science  were  present 
— among  them  Prof.  Huxley;  Prof.  Otto  Torell,  Dr.  J.  Lindahl 
and  J.  NordstrSm,  of  Sweden;  Prof.  E.  H.  von  Baumhauer,  of 
Haarlem ;  Mr.  W.  Sagel,  of  Vienna ;  R.  Kcenig,  of  Paris ;  and  Sig- 
ner Castellani,  of  Rome.  Prof.  Huxley  was  received  with  a  vote 
of  welcome  amid  much  applause. 

The  officers  elected  for  the  next  meeting  of  the  Association  are 
as  follows :  Prof  Simon  Newcomb,  President ;  Prof.  Edward  C. 
Pickering,  Vice-President  of  the  Physical  section;  Prof.  O.  C. 
Marsh,  Vice-President  of  the  section  of  Geology  and  Natural  His- 
tory; Prof  N.  T.  LuPTON,  Chairman  of  the  Chemical  subsection; 
Prof  Danikl  Wilson,  Chairman  of  the  subsection  of  Anthropol- 
ogy ;  R.  BL  Ward,  Chairman  of  the  subsection  of  Microscopy  ; 
A.  R.  Grote,  General  Secretary;  F.  W.  Putnam,  Permanent 
Secretary ;  Wm.  S.  Vaux,  Treasurer.  The  Association  adjourned 
to  meet  in  1877,  at  Nashville,  Tennessee,  on  the  last  Wednesday 
of  August. 

The  following  is  a  list  of  the  papers  read  at  the  meeting  or 
accepted  for  reading. 

L  Physical  Section. 

On  the  practicability  of  cooling  the  air  of  buildings  during  hot  weather ;  8. 
Kkwoomb. 

Note  on  the  radiometer,  T.  G.  Mendbnhall. 

Certain  new  constructions  in  graphical  statics,  H.  T.  Eddy. 

Spectroscopic  observations  on  the  sun's  rotation,  C.  A.  YouKa. 

On  some  recent  spectroscopic  obsenrations  of  the  zodiacal  light,  A.  W.  Wbioht. 
Volatilization  of  metals  by  the  electrical  discharge,  id. 

On  Kent's  table  of  one-quarter  squares  of  numbers,  S.  J.  Coffin. 

A  new  fundamental  method  in  graphical  statics,  H.  T.  Eddy. 

On  the  Iowa  weather  stations,  G.  Hinuiohs. 

Phenomena  produced  by  the  union  of  two  sounds,  R.  Kgbnio. 

Discussion  of  the  general  principles  of  construction  of  ordinary  and  perfect 
magic  squares,  J.  D.  Wabner. 

Physics  of  the  Gulf  of  Mexico  and  the  Mississippi  River,  C.  G.  Fobshey. 

Solar  influence  on  the  degradation  of  soils  by  aqueous  action,  T.  MoWbobteb. 

The  specific  gravity  of  lead,  P.  Schweitzeb. 

Co-ordinate  surveying,  H.  F.  WxLLiNa. 
' :  Some  remarks  on  ti^e  use  and  interpretation  of  particular  integ^ls  which 
Batiafy  general  differential  equations  expressive  of  dynamic  problems,  suggested 
by  Laplace's  dynamic  theory  of  the  tides,  J.  G.  Babnabd. 

Determinations  of  subjective  temperature,  J.  W.  Osbobnb.  The  accurate  grad- 
uation of  thermometers  by  comparison,  id.  Experiments  on  the  gyration  of  liquid 
masflefl  in  rotation,  id. 
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Observations  on  the  diomal  varUtian  in  the  hamidity  of  the  air,  H.  HAlfBiRft. 

On  the  increase  of  index  of  refraction  aooompanying  change  of  temperature,  T. 
0.  Hekdenhall. 

Dielectric  polarization,  E.  Root. 

Essay  on  the  molecular  character  of  steam,  S.  M.  Allen. 

A  tide  g^uge  for  use  in  cold  climates,  J.  M.  Batohsldkr. 

Keteorites  of  Amana,  Iowa  Co.,  Iowa,  G.  Hinbichr 

On  the  distribution  of  errors  in  numbers  written  from  memory.  F.  B.  Nipheb. 

Account  of  a  series  of  experiments  on  the  refrigeration  of  air  by  expansion,  P. 
H.  Van  der  Weydb. 

On  the  combined  compression  and  stage-fbroeps  carrier,  R.  H.  Wabd. 

Proposed  method  of  evolution,  J.  D.  Wabnss. 

Exhibition  of  capillary  coke,  from  Tracy  City,  Tenn.,  N.  T.  Luptoh. 

Relative  market  prices  of  gold  and  silver,  and  their  influence  on  the  metallic 
monetary  standard  of  the  United  States,  E.  B.  Elliott.  Prices  of  the  bonded 
securities  of  the  United  States  and  the  corresponding  rates  of  interest  realized  to 
investors,  id. 

II.  Section  of  Geology  and  NiaturcU  History, 

On  the  mode  of  extrusion  of  the  ova  in  Limpets,  W.  H.  Dall. 

On  the  origin  of  kames  or  eskers  in  New  Hampshire,  W.  Uphaic. 

Some  new  points  regarding  the  tongue  of  Picas  viridis,  J.  Lindahl. 

On  the  geology  of  Eastern  Pennsylvania,  T.  S.  Hukt. 

Note  upon  the  geological  position  of  the  serpentine  limestone  of  Northern  New 
York,  and  an  inquiry  regarding  the  relations  of  this  limestone  to  the  EoEOon  lime* 
stone  of  Canada,  J.  Hall. 

On  the  plastidule  hypothesis,  L.  Elsbbbo. 

On  self-fertilization  and  cross-fertilization  in  flowers,  T.  Mbehan.  On  graft 
hybrids,  id. 

The  water-lime  group  of  Buffalo,  A.  R.  Gbotb  and  W.  H.  Pitt. 

On  the  provisioniBd  hypothesis  of  Pangenesis,  W.  K.  Brooks. 

On  a  new  species  of  Arg^lus,  A.  H.  Tuttle.  Notes  on  the  m3rriapods  of  Ohio, 
id. 

The  slight  morphological  value  of  natural  attitude  and  numerical  composition, 
B.  G.  Wilder.  Notes  on  the  brains  of  fish -like  vertebrates ;  myxinoids,  sharks 
and  skates,  chimiera,  teleosts,  id.    Notes  on  the  North  American  Ganoids,  id. 

The  origin  and  mode  of  formation  of  the  Great  Lakes,  J.  S.  Newberry. 

The  relations  of  the  rocks  of  Ohio  to  those  of  Pennsylvania  and  New  York,  id. 

Principal  characters  of  American  Pterodactyles,  0.  C.  Marsh. 

Note  on  the  pitchstones  of  Arran,  F.  A.  Goooh. 

On  Sycoiypus  canalictUatus  Linn.,  F.  W.  SucoiTDS. 

A  brief  comparison  of  the  butterfly  faunas  of  Europe  and  eastern  North 
America,  with  hints  concerning  the  derivation  of  the  latter,  S.-  H.  Souddsb. 

On  the  reciprocal  relations  of  certain  genera  of  articulated  brachiopods,  W.  H. 
Dall. 

New  facts  relating  to  Eozoon  Oanadense^  J.  W.  Dawson. 

On  the  siphon  of  Endooeras,  a  genus  of  chambered  shells,  A.  Wotohell. 

On  the  post-glacial  history  of  Sequoia  gigantea,  J.  MuiR. 

Variation  in  color  in  animals,  S.  W  Garman. 

Description  of  new  fungus  on  the  leaves  of  the  pear  tree,  W.  H.  Sbailak. 

The  edible  crab  of  Maryland,  CaUinectes  hcutatus  (Ordway),  P.  R.  Uhleb. 

Phyllotaxis  of  cones,  W.  J.  Beal.  Can  the  Unios  see  ?  id.  Cross-fertilization 
of  the  apple  blossoms,  id.  Sensitive  stigmas  as  an  aid  to  cross-fertilizaticm  of 
flowers,  id. 

Biological  notes  on  the  army  worm  {LeucarUa  puncta  Haw),  C.  V.  Rilbt. 

A  preliminary  note  on  Menopoma  AUeghanieneia  of  Harlan,  A.  R.  Grote. 

On  the  origin  of  mineral  veins,  C.  Whittlesey. 

A  supplement  to  the  glacial  theory,  W.  C.  EIerr. 

Evidences  in  Boone  Co..  Ky.,  of  glacial  or  ioe  deposits  of  two  distinct  and 
widely  distant  periods,  G.  Sutton. 
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On  the  burial  plaoe  of  the  Yorkshire  Mastodon,  disoovered  in  Broome  Co.,  N. 
Y^  T.  B,  CkmsTOCK.  Some  unexplained  phenomena  in  the  Qeyaeir  Bamns  of  the 
Yellowstone  National  Park,  id.  The  "  two-ocean  water,"  the  union  of  the  A.tUintic 
aDd  Pacific  Oceans  in  the  Bodcj  Mountains,  id. 

m.  Subsection  of  Chemistry. 

The  relationship  of  structure,  density  and  chemical  composition  in  steel,  J.  W. 
Lakglbt. 

On  the  limit  of  reliability  in  the  indirect  estimation  of  sodium  and  potassium 
chlorides,  H.  W.  Wilet.  Some  modified  forms  of  apparatus ;  flue  with  artificial 
draft,  flue  with  artificial  draft  and  air  bath,  apparatus  for  sugar  and  fat  extraction, 
id.  Some  indigenous  Indiana  woods,  their  specific  gravity,  per  cent  of  ash  in  wood 
and  bark,  id. 

On  the  chemical  composition  of  a  saline  efflorescence  occurring  at  Goat  Island, 

E.  W.  MOBLBT. 

A  note  upon  the  rocks  of  the  Gkdapagos  Islands,  F.  A.  Ooooh. 

On  the  chemical  composition  of  Pennsylvania  petroleum,  S.  P.  Sadtlbb. 

Contribution  to  the  (^emistry  of  hydrogen,  A.  R.  LEBDa 

Upon  the  reduction  of  silver  at  ordinary  temperatures  In  the  presence  of  free 
nitric  acid,  id. 

On  a  siliceous  deposit  from  the  interior  of  a  hollow  mass  of  limonite,  with 
observations  on  the  molecular  movements  of  finely  divided  matter,  N.  T.  Lupton. 

Chi  the  so-called  alkali  of  the  western  plains,  B.  S.  Hbdbiok. 

On  the  analysis  of  milk,  E.  H.  v.  Bauiihaueb. 

Notes  of  a  mineralogical  tour  in  Western  North  Carolina,  made  under  the  aus- 
pioes  of  the  State  survey,  A.  A.  Julibn  and  H.  C.  Bolton. 

A  eugw  analysis,  A.  ^pbinobb. 

Action  of  moderate  heat  on  bituminous  coal,  E.  T.  Cox. 

Dissociation  of  phosphorus  in  the  blast  furnace,  W.  H.  Chandleb  and  E.  H. 
Bailey.  Nitrates  in  natural  waters  and  in  Lechauweki  spring  water,  id.  Deter- 
mination of  nitric  add,  id. 

IV.  Svbsection  of  Microscopy. 

Besults  of  measurem^its  of  eleven  of  Moller*s  Disetomaceen  Probe-platten,  E. 

W.  MOBLET. 

Micrometric  measurements  of  rulings  on  glass,  by  Mr.  Rooebs. 

Micrometric  measurements  of  rulings  on  glass,  by  Mr.  Ruthebfobd. 

Results  obtained  by  double  staining  of  muscular  tissue  of  Amphiura  with  picric 
add  and  carmine,  G.  Beattt. 

Simple  means  of  adopting  the  binocular  microscope  to  defects  in  the  eye,  W.  H. 
Bullock. 

Remarks  on  some  American  contributions  to  the  development  of  the  modem 
microscope,  R.  H.  Wabd. 

On  a  new  system  of  finder  for  the  microscope. 

On  a  few  simplifications  of  the  polarizing  and  of  the  spectroscopic  microscope. 

On  some  mo^cations  and  spedal  attachments  to  the  microscope  for  diemical 
research,  P.  H.  Van  deb  Weyde. 

V.  Subsection  of  Anthropology. 

Peculiarities  of  the  femora  from  tumuli  in  Michigan,  H.  Gillman.  Investiga- 
tion of  the  burial  ground  at  Fort  Wayne  on  the  Detroit  river,  Michigan,  id.  Some 
observations  on  the  orbits  of  the  crania  from  mounds,  id. 

The  international  symbols  for  charts  of  prehistoric  archeology,  0.  T.  Masoit. 
The  scope  of  anthropology,  and  the  classification  of  its  materis^  id.  Arohso- 
logical  collections  from  Porto  Rico,  id. 

The  Iroquois  phratry,  L.  H.  Mobgan.  The  Iroquois  gens,  id.  The  Iroquois 
oonfederacy,  id. 

Etruscan  and  Greek  art  in  Jewelry,  and  its  revival,  A.  Castellanl 

Hybridity  and  absorption  among  tiie  races  of  the  New  World,  D.  Wiuoir. 
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On  the  mythology  of  the  North  American  Indians,  J.  W.  Powbll. 

Brain- weight  and  size  in  relation  to  the  relative  capacity  of  races,  D.  Wn^ov. 

On  some  fragments  of  pottery  from  Vermont,  O.  H.  Pebkdts. 

On  the  ancient  and  modem  Pueblo  tribes  of  the  Pacific  slope  of  the  U.  S.,  K  A. 
Barber. 

The  mood  of  the  verb  in  conditional  clauses,  Isaac  B.  Ohoatb. 

The  museums  of  industrial  art  in  Austria,  Hedtrioh  Fraubsboeb. 

The  archffiology  of  Europe  and  America  compared,  S.  D.  Pebt.  On  the  state 
of  society  in  the  Primitive  age,  id. 

3.  Geographical  Distribution  of  Plants  and  Animals  ;  by  C. 
Pickering,  Wilkes'  TJ.  S.  Exploring  Expedition,  author  of  the 
Races  of  Man.  Part  II,  Plants  in  their  wild  state.  524  pp.  4tOy 
with  several  colored  maps.  Salem,  Mass.  (Naturalist's  Agency.) 
— This  work,  completing  Dr.  Pickering's  Report  on  the  Geograph- 
ical Distribution  of  Plants  and  Animals,  is  uie  result  of  extensive 
personal  observation  about  the  world  as  well  as  of  much  study, 
it  is  a  large  storehouse  of  facts,  on  a  subject  of  general  interest, 
gathered  with  great  labor  and  fidelity.  It  gives  observations 
with  regard  to  the  characteristic  plants  and  predominant  botan- 
ical features  of  all  the  various  islands  and  continental  re^ons 
visited  by  the  Exploring  Expedition  under  Captain  (now  Admiral), 
Wilkes,  and  also  many  collateral  facts  on  climate,  topography, 
scenery,  etc.,  that  came  under  the  author's  observation.  The 
text  is  illustrated  by  maps  of  the  world,  presenting  by  colors  the 
conclusions  arrived  at  by  the  author. 

4.  Proceedings  of  the  Davenport  Academy  of  Natural  Sciences. 
Vol.  1,  1^67-1870.  284  pp.  8vo,  with  35  plates.  Davenport, 
Iowa,  187C. — This  first  volume  of  the  Proceedings  contains  a  num- 
ber of  very  valuable  papers  on  mounds  and  mound-builders,  by  R. 
J.  Farquharson,  M.D.,  W.  H.  Pratt,  A.  S.  Tiffany,  C.  Lindsley, 
and  J.  D.  Putnam,  with  34  plates,  full  of  figures  representing  toe 
structure  of  mounds,  flint  and  other  stone  implements,  pipes  of 
the  form  of  birds,  frogs,  and  other  animals,  woven  cloth,  copper 
axes,  awls,  beads,  and  ear-drops,  silver  ear-drop,  bone  knives,  pot- 
tery, skulls,  etc.,  from  diflerent  mounds,  illustrating  a  paper  by 
Dr.  Farquharson.  There  are  also  Zoological  articles  by  J.  D. 
Putnam;  Botanical  notes  by  Dr.  C.  C.  Parry;  and  lists  of  species 
of  plants,  and  of  land  and  fresh-water  shells,  of  Coleopt^ra,  Lepi- 
doptera,  Hymenoptera,  of  the  vicinity  of  Davenport,  besides  other 
papers. 

OBITUAEY. 

Ebenbzer  S.  Snell,  of  Amherst  College,  Massachusetts,  Pro- 
fessor of  Mathematics  and  Natural  Philosophy,  died,  September 
18th,  aged  seventy-five  years. 

Prof.  Charles  Davies,  author  of  various  mathematical  works, 
a  graduate  of  West  Point  of  distinction,  and  from  1857  to  1867 
Professor  of  Mathematics  in  Columbia  College,  died  September 
eighteenth,  in  his  seventy-ninth  year. 
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Art.  XXXVIIL — Observaltons  on  the  Displacement  of  lines  in  the 
Solar  Spectrum  caused  by  the  Sun^s  rotation ;  by  Professor 
C.  A.  Young,  of  Dartmouth  College. 

[The  substance  of  this  paper  was  read  at  the  Buffalo  Meeting 
of  the  American  Association  for  the  Advancement  of  Science, 
August  24th,  1876.] 

Renewed  interest  in  the  question  as  to  the  effect  of  the  mo- 
tion of  a  luminous  body  in  altering  the  wave  length  of  the 
emitted  light,  has  lately  been  excited  by  Van  der  Willigen's 
mathematical  papers  upon  the  subject,  and  the  recent  criticisms 
of  Seech i  upon  the  spectroscopic  determinations  of  stellar 
motions  published  by  Huggins,  Vogel,  Christie  and  others. 
The  former,  it  will  be  recollected,  impugns  the  received  doctrine 
on  mathematical  grounds,  and  it  must  be  acknowledged,  that, 
although  his  reasoning  is  not  admitted  to  be  conclusive  by 
most  astronomers,  it  has  produced  a  wide-spread  distrust,  which 
has  been  strengthened  by  the  papei's  of  Secchi.  The  objections 
of  the  latter  seem  however  to  have  been  fairly  met  by  the  reply 
of  Mr.  Christie,  recently  published  in  the  Monthly  Notices, 
showing  the  substantial  agreement  of  the  results  obtained  by 
the  different  observers  after  they  had  learned  the  delicate  pre- 
cautions essential  to  success  in  such  observations. 

Certainly  it  seems  little  short  of  self-evident  that,  whenever  a 

point  is  communicating   periodic  vibrations  to  any  medium 

whatever,  and,  by  means  of  this  medium,  transmitting  them  to 

a  second  point  at  a  distance,  then  the  frequency,  or  virtual 

wave  length,  of  these  pulses  received  at  the  second  point  must 
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be  affected  by  any  relative  motion  of  approach  or  recession 
between  it  ana  the  source  of  the  vibrations. 

It  is  not  diflScult  to  verify  this  conclusion  in  the  case  of 
sound  wavea  The  beautiful  experiments  of  Vogel,  lately 
published,  show  as  the  result  of  careful  Quantitative  measure- 
ments, that  the  pitch  of  a  locomotive  whistle  actually  undergoes 
the  precise  alterations  which  theory  requires,  when  the  engine 
is  either  approaching  the  observer,  or  receding  from  him  at  a 
known  velocity. 

Undoubtedly  a  considerable  point  would  be  gained  if  we 
could  obtain  a  similar  verification  in  the  case  of  light — if  an 
alteration  in  the  luminous  pitch  or  wave  length,  produced  in  a 
ray  of  light  by  some  known  rate  of  motion,  could  actually  be 
made  sensible,  measured,  and  shown  to  coincide  with  theory 
within  observational  limits  of  error.  This  verification  unfor- 
tunately is  not  easy  to  obtain,  because  the  velocity  of  light  is 
so  enormous  that  it  is  difficult  to  find  an  object  sufficiently 
bright,  and  moving  rapidly  enough,  to  make  the  change  of 
wave  length  perceptible  in  our  instruments. 

I  think  it  was  ZoUner  who  firet  suggested  that  the  rotation 
of  the  sun  might  furnish  the  desired  test,  since  its  eastern  and 
western  limbs  have  a  relative  motion  of  nearly  2i  English  miles 

f)er  second  along  the  line  of  siffht.  But  the  displacement  of 
ines  in  the  spectrum  due  to  this  velocity  is  so  small  (in  the 
case  of  the  D  lines  about  if^  of  the  distance  between  them)  that 
the  dispersive  power  of  the  instruments  heretofore  employed  by 
most  observers,  has  been  insufficient  to  make  it  clearly  evident. 
Vogel  alone  (in  1871)  seems  to  have  succeeded  in  getting  any 
measurements;  his  results  for  the  sun*s  equatorial  velocity  of 
rotation  ranging  from  0;35  to  0*42  of  a  geographical  mile,  or 
from  1*62  to  1*94  English  miles. 

By  using  a  diffraction  grating,  however,  combined  with  a 
prism  in  such  a  way  as  to  separate  the  overlapping  spectra  of 
the  higher  orders  from  each  other,  as  described  in  mj'  recent 
note*  on  the  duplicity  of  the  1474  line,  it  is  possible  to  obtain 
much  greater  dispersive  power,  and  the  displacement  then  be- 
comes quite  sensible. 

The  apparatus  which  I  have  employed  consisted  of  a  verv 
fine  diffraction  grating  of  8,640  lines  to  the  inch  (for  which  1 
am  indebted  to  Mr.  Rutherfurd)  combined  with  a  telescope 
and  collimator  each  of  2i  inches  aperture  and  sixteen  inches 
focal  length,  and  a  prism  of  45°  inserted  between  the  grating 
and  the  object  glass  of  the  eye-telescope.  The  refracting  edge  of 
the  prism  was  of  course  perpendicular  to  the  lines  on  the  grat- 
ing. The  grating,  collimator,  &;c.,  were  mounted  on  a  wooden 
framework  constructed  for  the  purpose,  and  arranged  to  be 

*  ThiB  Journal,  Judo,  1876. 
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attached  to  the  9^  inch  Equatorial  of  the  Dartmouth  College 
Observatory,  in  place  of  its  ordinary  spectroscope.  Undoubtedly 
a  metallic  mounting  would  have  been  firmer  and  better,  but 
with  careful  manipulation  the  wooden  arrangement  answered 
reasonably  well.  The  eye-telescope  and  collimator  were  at  a 
fixed  inclination,  and  the  spectra  of  the  difi*erent  orders  were 
brought  into  the  field  of  view  by  turning  the  grating  in  the 
plane  of  dispersion.  This  of  course  made  the  dispersive  power 
quite  different  for  the  spectra  of  the  same  order  on  opposite 
sides  of  the  image  of  the  slit  The  eye-telescope  magnified 
about  twenty  times  and  was  provided  with  a  micrometer*  bor- 
rowed from  one  of  the  reading  microscopes  of  the  meridian 
circle. 

Between  the  two  D  lines,  the  spectra  of  the  sixth  and  eighth 
ordera  usually  showed  no  less  than  eight  other  lines,  most  of 
which  are  supposed  to  be  water  lines,  produced  by  the  vapor 
in  our  atmosphere,  and  therefore  of  course  not  subject  to  dis- 
placement b}'  the  sun's  rotation.  I  was  in  hopes  to  make  use 
of  them  as  reference  points,  and  to  determine  the  displacement 
of  the  D  lines  by  simply  measuring  the  intervals  with  the 
micrometer.  1  soon  found,  however,  that  the  atmospheric  lines 
were  too  faint  and  shadowy  to  admit  of  sufiicient  accuracy  of 
bisection,  especially  by  the  rather  coarse  threads  with  which 
the  micrometer  had  been  provided  for  the  purpose  of  observing 
in  a  feeble  light  I  was  accordingly  compelled  to  make  the  ob- 
servations as  follows — 

The  grating  having  been  adjusted  so  as  to  bring  the  group 
of  lines  to  be  observed  into  the  center  of  the  field  of  view, 
the  spectroscope  was  turned  around  the  optical  axis  of  the 
telescope  until  the  slit  was  accurately  north  and  south,  so 
that,  if  placed  tangent  to  the  eastern  limb  of  the  sun,  a  mo- 
tion of  the  Right  Ascension  tangent  screw  would  bring  the 
western  limb  to  tangency.  Of  course  proceeding  in  this  man- 
ner the  observations  were  made  at  points  not  precisely  on  the 
sun's  equator,  but  having  a  solar  latitude  ranging  from  2°  to 
15°,  according  to  the  date  It  was  thou^rht  better  to  do  this, 
however,  than  to  risk  the  disturbance  which  might  be  pro- 
duced by  using  the  Declination  tangent  screw,  which  some- 
times worked  a  little  jerkily.  The  slit  was  then  accurately 
adjusted  to  the  focal  plane  of  the  sun's  image,  and  the  collima- 
tor and  the  eye  telescope  were  focused  carefully  for  distinct 

♦  The  value  of  one  revolution  of  the  micrometer  screw  (whose  head  waa 
graduated  into  60  divisions,)  was  about  4'  9" ;  but  it  was  continually  varying  by 
a  alight  amount,  since  in  adjusting  for  distinct  vision  of  the  spectrum  no  pains 
-was  taken  to  keep  the  distance  between  the  object  glass  and  the  cross  hairs 
etricUy  constant  This  will  account  for  the  small  variations  of  the  measured 
intervals  between  the  same  lines  as  determined  on  different  occasions — variations 
considerably  exceeding  the  probable  errors  of  reading. 
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vision  ;  after  this  no  adjustment  of  either  telescope  or  spectro- 
scope was  touched  in  the  slightest  until  the  observation  was 
complete.  The  slit  being  placed  nearly  tangent  to  the  limb  of 
the  sun,  and  the  driving  clock  started,  a  series  of  micrometer 
readings  was  made  upon  the  diflferent  lines  in  the  group  to  be 
observed,  first  running  the  micrometer  wires  one  way  and  then 
back,  thus  obtaining  two  readings  for  each  line.  Then  the  Right 
Ascension  tangent  screw  was  gently  turned  until  the  opposite 
limb  was  brought  to  the  slit,  and  the  micrometer  readings  were 
repeated,  running  down  and  back  twice,  so  as  to  give  four  read- 
ings of  each  line ;  finally,  moving  the  tangent  screw  so  as  to 
brmg  back  the  limb  first  observed,  another  set  of  readings  was 
taken,  two  on  each  line,  which  finished  the  observation.  The 
object  of  this  arrangement  of  readings  is  of  course  to  detect 
any  possible  disturbance  of  the  instrument  during  the  work, 
and  to  eliminate  the  effect  of  the  earth's  rotation,  or  of  any  uni- 
formly progressive  change  in  the  relative  positions  of  the  colli- 
mator, grating,  and  eye-telescope,  due  to  slight  alterations  of 
flexure  caused  by  the  motion  of  the  telescope.  Each  reading 
given  in  the  following  tables  is  therefore  the  mean  of  four. 
The  probable  error  of  a  single  reading  (due  to  inaccuracy  of 
bisection  or  instrumental  disturbance,  but  not  of  course  includ- 
ing possible  constant  errors)  was  found  to  be  about  y',  of  one 
micrometer  division  ;  so  that  the  probable  error  of  each  reading 
given  in  the  tables  is  about  0*15  of  a  division. 

It  did  not  occur  to  me  until  near  the  end  of  the  observations 
that,  with  the  slit  tangent  to  the  sun's  image,  the  heat  would 
tend  to  displace  the  line  of  collimation  by  expanding  the  slit- 
plate  more  on  one  side  than  the  other,  and  slightly  bending 
the  tube  to  which  it  is  attached.  Since,  however,  the  effect 
would  be  in  opposite  directions  according  as  the  grating  was 
inclined  so  as  to  throw  the  reflected  slit-image  to  the  right  or 
the  left,  this  effect  must  be  nearly  eliminated  from  the  final 
mean.  In  some  of  the  observations  of  Aug.  12,  it  was  elimi- 
nated by  inverting  the  spectroscope,  i.  e.,  rotating  the  whole 
spectroscope  18u°,  arounct  the  line  of  collimation;  this,  how- 
ever, in  one  of  the  series  of  readings  always  brings  the  eye- 
piece into  an  inconvenient  position.  One  set  of  observations 
on  Aug.  12.  was  made  with  the  slit  radial  to  the  sun's  image — 
in  this  case  the  heat  of  the  image  has  no  injurious  effect,  but  it 
is  much  more  difficult  to  point  the  micrometer  on  the  end  of  a 
line  than  on  its  middle,  and  the  probable  errors  of  reading  are 
more  than  doubled. 

The  formulfie  employed  in  reducing  the  observations  are  as 
follows  :  Let  17=  the  relative  velocity  of  two  opposite  points 
of  the  sun's  equator,  and  d\  the  corresponding  change  of  wave 
length  of  a  spectrum-line,  whose  wave  length  is  X]  also  let  the 
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velocity  of  light  =  186600  English  miles  per  second,  according 
to  the  latest  determination  of  Cornu.  Then,  by  Doppler's  theory, 

U=186600x''-^.  (1) 

If  now,  in  any  group  or  spectrum  lines  of  small  extent,  I  is 
put  for  the  difl'erence  of  wave  length  of  the  extreme  lines  of 
ihe  group ;  ^  for  the  interval  between  the  extreme  lines  meas- 
ured in  micrometer  units,  and  d  for  the  displacement  as  indica- 
ted by  the  difference  between  the  micrometer  readings  on  a 
?fiven  line  when  the  slit  is  placed  on  the  eastern  and  western 
imbs  of  the  sun's  image  respectively,  we  shall  have 

d\=Ix^  and  U=186600jx-,  (2) 

where  X  of  course  is  to  be  taken  as  the  mean  wave  length  of 

the  group. 

Taking  Angstrom's  wave  lengths,  we  find  for  the  D  group 

/?  /f 

U=190'3—  and  for  the  1474  group  U=361'l-—;  which  amounts 


^, 


to  saying  that  a  velocity  of  190*3  English  miles  would  displace 
one  of  the  D  lines  by  a  space  equal  to  the  distance  between 
them,  and  for  the  othe"^  group  a  velocity  of  361*1  miles  would 
be  required. 

From  the  sun's  known  dimensions  and  period  of  rotation, 
adopting  Faye's  numbers,  the  equatorial  velocity  of  its  surface 
is  easily  found  to  be  1248  English  miles  per  second;  U,  of 
course,  ought  to  come  out  double  this,  or  2'496. 

The  tables  need  little  explanation  ;  the  expression  "  grating 
right,"  means  that  the  grating  was  so  inclined  as  to  throw  the 
reflected  image  of  the  slit  to  that  side  of  the  collimator  which 
was  remote  from  the  eye-telescope.  In  this  position  the  spec- 
tra were  more  dispersed,  but  less  satisfactorily  defined  tnan 
those  of  the  same  order  obtained  by  turning  the  grating  "  left," 
i.  e.,  toward  the  eye-telescope.  The  first  column  contains 
the  designation  of  the  line  observed ;  the  second,  headed 
"  west,"  gives  the  reading  of  the  micrometer  obtained  at  this 
limb ;  the  fourth,  headed  **  east,"  gives  the  reading  of  the  eastern 
limb ;  the  third,  headed  **  mean,"  contains  the  mean  of  ihe 
numbers  in  the  second  and  fourth  columns,  expressed  in  divis- 
ions of  the  micrometer  head  ;  the  difference  between  these, 
given  at  the  bottom  of  the  column  is  ^.  The  fifth  column  con- 
tains the  differences  between  the  numbers  in  the  second  and 
fourth  columns,  and  their  mean,  given  at  the  bottom  of  the 
column,  is  S. 

In  the  earlier  observations  of  the  D  group  several  other  lines 
were  observed  besides  the  three  given,  but  they  were  so  faint 
that  the  readings  were  very  discrepant,  sometimes  lo  x\i^  ^:2L\ft\i\» 
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of  two  or  three  divisions,  and  they  are  therefore  omitted.  The 
readings  of  the  nickel  line  are  retained,  though  far  less  reliable 
than  those  of  the  two  Ds. 

(1.)  July  10,  1876;  9.30  to  10.15  a.m.  (civil  time);  grating 
right;  spectrum  of  6th  order;  definition  poor. 


», 

West, 
r        d 
4   46-66 

Ni 

3   62-90 
2  59-00 

Mean, 
d 
284-70 


178-05 
^=106-65 


East, 
r  d 
4   43-75 

3   49-76 
2   67-10 


— =0-0186 
U=3-66 


(^=1-98 


If  we  reject  the  nickel  line  (^'=1-90,  -=0-0178 

andU'=3  33. 

(2.)  July  10;  10.30  to  11.10  A.M.     D  lines;  grating  right; 
spectrum  of  6th  order;  definition  medium. 


Dl 

West 
r         d 
4    26-40 

MeazL 
d 

266-67 

East, 
r        d 
4   24-76 

d 
1-65 

—=0-0187 
U  =  3-67 

Ni 

3   32-06 
3    89-96 

168-97 

3   29-66 
3    38-00 

2-40 
1-96 

Az=106-60 


(^=2-00 


Rejecting  the  nickel  line,  ^'=1-80  ;  -=0  0169.  U'-=3-22. 

(3.)  July  10:    11.35   to   12.00  a.m.     D  lines;    grating    left; 
spectrum  6th  order;  definition  fina 


Ni 


West. 
4    13-60 

4  61-00 

5  16-87 


East, 
r  d 
4    14-26 


d 
0-75 


4   51-82      0-82 
6    17-70  i  0-83 


=0-0126 


lT=2-40 


^=63-41 


tf=0-80 


(4.)  July  15;  10.15  to  10.40  a.m.  Observation  interrupted 
by  clouds  when  half  completed.  D  lines;  grating  right;  spec- 
trum 6th  order;  definition  poor. 


Ni 
Do 


West, 
r  d 
6    08-40 


Mean. 

d 
308-16 


4    12-70 

3    22-05  I  201-67 


East, 
r  d 
6   07*90 

4    12-00 
3    21-30 


d 

0-60 

0-70 
0-75 


:i=  106-48 


-=0-0061 
11=1-16 

This  observation  is  entitled 


(^=0-65       to  little  weight. 


(5.)  August  10 ;  9.30  to  10.40  a.  m.  Twice  the  usual  num- 
ber of  readings  taken.  D  lines;  grating  left;  spectrum  7th 
order ;  definition  exceUenXw 


Solar  Speclrum  caused  hy  the  Sun's  rotatum. 
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Di 

West 
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0    33-80 

MeaiL 
d 

38-27 

East 
r        d 

0   34-25 

d 
0-95 

6 
—=0-0146 

A 

Ni 

1    13-47 

1    15-00 

1-58 

U— 2-78 

? 

1    36-25 
1    62-92 

113-45 

1    37-40 
1    58-97 

< 

1-16 
1-05 

This  obseryation  deserrea 
double  weight,  on  account  of 

d 
=  80-18 

y=l-l7 

the  number  of  readings  and 
lines  obseired. 

(6.)  August  10;  11.10  to  11.50  A.  M.    D  lines;  grating  right; 
spectrum  6th  order;  definition  poor. 


Ni 


West 
r         d 

2    18-70 

1    25-65 
0   32-05 


East, 
r        d 

2    16-66 

1    22-85 
0   31-00 


^=106-11 


(^=2-00 


—=00188 
U=3-59 


Kejecting  the  nickel  line,  (y'=l-60,  ^=0*0151  U'=2-87. 

(7.)  August  12;  9.30  to  10.10  A.  m.     1474  group;  grating 
left;  8th  order;  definition  fine;*  instrument  invertea. 


Kl463g 
1467 

1474 

West 
r         d 

2  61-72 

3  5100 

4  49-65 
6    49-20 

Mean, 
d 

172-22 

349-71 
\  =  177-49 

East 
r        d 

2  52-72 

3  62-28 

4  61-60 

5  50-23 

1-00 

1-28 
1-95 
1-08 

-=0-00788 
U=2-66 

J=l-81 

(8.)  August  12;  10.35  to  11.10  a.m.     1474  group;  grating 
left;  spectrum  8th  order;  instrument  erec^ ;  definition  fine. 


K1474 

1467 
1463o 


West 

r         d 

2   29-90 

4  28-00 

5  27-63 


Mean, 
d 

149-32 


826-61 


^= 
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177-29 


East 
r        d 

2   28-75 

4   26-82 
6    26-42 


-=000666 
U=2-41 


(9.)  August  12;  11.30  a.  m.  to  12.20  P.  M.     1474  group; 
grating  left;  spectrum  8th  order;  slit  radial ;  definition  fine. 


K1463, 

1467 
1474 


West 
r        d 

0  62-92 

1  62-85 
8   61-18 


East 
r        d 

0  54-00 

1  54-15 
8   52-27 


d 
1-08 

1-30 
1-09 


^=178-26 


(J=l-i6 


—=0-00661 
U=2-35 


*  The  definition  was  such  that  1474  constantly  showed  double,  and  on  moving 
the  slit  to  the  base  of  the  chromosphere,  the  bright  Uda  wMc^Yi  v^'^eox^  ^^ii^s^ 
clearly  seen  to  coincide  with  the  more  refrangible  ot  t^  two  qoto^tatiiXs^ 
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Since  the  points  observed  were  not  situated  upon  the  solar 
equator  it  is  necessary  to  correct  each  result  by  multiplying  it 
by  a  factor  depending  upon  the  heliographic  latitude,  <p,  of  the 
point  If  the  sun's  surface  rotated  as  a  coherent  mass  the  factor 
would  be  simply,  sec.  ^.  Since  this  is  not  the  case  however, 
the  expression  becomes  more  complicated.  Adopting  Faye's 
constants  and  formula  of  solar  rotation,  we  find  the  factor, 

/= \ 

•'     co8^(l  — 0*216Bin«^)* 

On  July  10,  <p=2^  /=  1-001 ;  on  July  15,  <?>=8^  /=  1-002; 
on  Aug.  iO,  <p=14^/=1044;  on  Aug.  12,  <?>=  15°,/=  1-051. 

Applying  the  corrections  we  have  the  following,  in  which 
the  column  headed  Uf,  gives  the  results  without  discrimination, 
while  the  column  U'f  contains  the  results  obtained  by  throwing 
out  the  nittkel  line  in  observations  (1),  (2)  and  (6),  and  rejecting 
entirely  (4),  while  (5)  is  counted  twice,  as  having  double  weight 
for  the  reasons  assigned. 

Ue  IT'e 

1')  3-33 

[2)  3-22 

|3)  2-40 

^4)  2-90 

^5)  2-90 

(6)  2-99 

(7)  2-80 

(8)  2-63 

(9)  2-47 

Mean  2*79  ±0-18  2*84  ±0*07 

The  two  results  do  not  difler  materially,  but  the  second  is 
much  more  reliable.  It  makes  the  velocity  of  the  sun*s  rota- 
tion 1*42  miles  per  second,  while  direct  observation  gives  1-25; 
perhaps  the  difference  is  no  more  than  might  be  expected ;  still 
the  difference  of  0*34  between  the  values  of  U  as  determined 
spectroscopically  and  directly  is  so  many  times  larger  than  the 
probable  error  of  the  spectroscopic  result,  that  I  am  much  in- 
clined, especially  considering  the  agreement  with  Vogel's  result, 
to  think  it  indicates  a  physical  fact,  and  that  the  solar  atmo- 
sphere really  sweeps  forward  over  the  underlying  surface,  in 
tne  same  way  that  the  equatorial  regions  outstrip  the  other 
parts  of  the  sun's  surface.  If  the  equatorial  acceleration  is 
produced  by  external  causes  such  an  effect  would  be  likely. 

It  may  be  interesting  to  add,  that  on  Aug.  10,  a  careful  series 
of  readings  was  made  on  a  principal  line  of  the  B  group,  in  the 
spectrum  of  the  6th  order,  with  entirely  negative  results;  as  was 
to  be  expected,  since  the  line  is  atmospheric.  The  mean  of  ten 
readings  at  the  west  limb  was  56<*-22,  at  the  east  limb  56^-28. 
fiaaorer,  N.  H.,  Sept  \%  \^\%. 
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Art.    XXXIX. — Researches    in    Acoustics ;    by    Alfaed    M. 

Mayer.     Paper  No.  8,  containing : 

1.  On  the  obliteratioii  of  the  sensatioii  of  one  sound  bj  the  simultaneous  action 
on  the  ear  of  another  more  intense  and  lower  sound. 

2.  On  the  discovery  of  the  fact  that  a  sound  even  when  intense  cannot  obliterate 
the  sensation  of  another  sound  lower  than  it  in  pitch. 

3.  On  a  proposed  change  in  the  usual  method  of  conducting  oroheatral  music,  in- 
dicated bj  the  above  discoveries. 

4.  Applications  of  the  interferences  of  sonorous  sensations  to  determinations  of  the 
relative  intensities  of  sounds. 

This  commnnication  is  preliminary  to  an  elaborate  paper  on 
the  above  subjects.  For  conciseness  and  clearness,  i  present 
the  few  facts  I  have  now  to  oflfer  in  the  form  of  notes  of  experi- 
ments:— 

1.  On  the  obliteration  of  the  sensation  of  one  sound  by  the  simul- 
taneous action  on  the  ear  of  another  more  intense  and  lower 
sound. 

Eocperimental  Observations  on  the  Obliteration  of  one  Sound  by 
another. — Several  feet  from  the  ear  I  placed  one  of  those  loud- 
ticking  spring-balance  American  clocks,  which  make  four  beats 
in  a  second.  Then  I  brought  quite  close  to  my  ear  a  watch 
(made  by  Lange,  of  Dresden)  ticking  five  times  in  the  second. 
In  this  position  I  heard  all  the  ticks  of  the  watch,  even  those 
which  coincided  with  every  fourth  tick  of  the  clock.  Let  us 
call  the  fifth  tick  of  the  watch  which  coincided  with  one  of  the 
ticks  of  the  clock,  its  fifth  tick.  I  now  gradually  removed  the 
watch  from  the  ear,  and  perceived  that  the  fifth  tick  became 
fainter  and  fainter,  till  at  a  certain  distance  it  entirely  van- 
ished, and  was,  so  to  speak,  "  stamped  out "  of  the  wat<;h.* 

Similar  and  more  striking  experiments  were  made  with  an 
old  silver  watch,  beating  four  times  to  the  second,  by  causing 
this  watch  to  gain  about  thirty  seconds  an  hour  on  the  clock, 
so  that  at  every  two  minutes  the  ticks  of  the  watch  and  clock 
exactly  coincided.  When  the  watch  was  held  near  the  ear, 
every  one  of  its  ticks  was  heard  distinctly ;  but  on  gradually 
removing  it  from  the  ear,  the  ticks  of  the  watch  became  fainter 

*  In  the  publication  of  this  paper  in  Nature,  Aug.  10,  18*76,  my  friend  Mr. 
Alexander  J.  Ellis,  F.R.S.,  appends  the  following  note  to  the  aboye  experiment : — 
*'  The  precise  number  of  ticks  in  a  second  here  mentioned  are  not  necessary  for 
Toughlj  observing  and  understanding  these  phenomena.  I  obseryed  them  by  a 
oommon  American  pendulum  clock  placed  on  a  table,  which  increased  the  power 
of  its  half -second  ticks,  and  a  watch  beating  five  times  in  two  seconds.  Rev.  Mr. 
Haweis  informs  me  that  he  has  often  noticed  a  similar  effect  at  night  with  ordi- 
nary watches.  The  sensation  produced  by  the  obliteration  of  the  tick,  when  the 
proper  distance  of  the  watch  from  the  ear  has  been  attained,  and  the  consequent 
sudden  division  of  the  ticks  into  periods  separated  by  silences,  is  very  peculiar. 
It  is  difBcult  not  to  believe  that  some  accident  has  not  suddenly  interfered  with 
the  action  of  the  watch,  instead  of  merely  with  our  own  e«nBaJ&on&?^ — K.  ^.^. 
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and  fainter  at  the  coincidences,  and  when  the  watch  had  been 
removed  to  a  distance  of  nine  inches  from  the  ear,  the  ticks  of 
the  watch  were  utterly  obliterated  during  three  whole  seconds 
of  its  ticks  about  the  time  of  coincidence.  On  removing  the 
watch  to  a  distance  of  twenty-four  inches,  I  found  that  I  lost 
its  ticks  during  nine  seconds  about  the  time  of  coincidence. 
It  is  here  important  to  remark  that  the  ticks  of  the  clock  are 
longei'  in  duration,  as  well  as  loicer  in  pitch,  than  those  of  the 
watch's.  With  the  watch  remaining  at  the  distance  of  twenty- 
four  inches  from  the  ear,  I  listened  with  all  my  attention,  as 
tick  by  tick  the  watch  approached  the  time  of  coincidenca 
Since  the  ticks  of  the  watch  are  shorter  in  duration  than  those 
of  the  clock,  they  are  overlapped  by  the  other  about  the  time  of 
coincidence.  Hence  as,  so  to  speak,  the  short  ticks  of  the  watch 
glided  tick  after  tick,  under  the  long  ticks  of  the  clock,  I  per- 
ceived that  more  and  more  of  the  duration  of  each  successive 
watch-tick  became  extinguished  by  the  tick  of  the  clock,  until 
^only  the  tail  end  of  the  short  tick  of  the  watch  was  left  audible 
ana  at  last  even  this  also  crept  under  the  long  tick  of  the  clock 
and  the  whole  of  the  ticks  of  the  watch  were  rendered  inaudible 
for  nine  seconds,  at  the  end  of  which  time  the  front  or  head  of 
the  watch-tick,  as  we  may  call  it,  protruded  beyond  the  chxsk- 
tick,  and  then  slowly  grew  up  into  a  complete  watch-tick  as 
before.  In  this  succession  of  events  the  tick  of  the  old  silver 
watch  (made  by  Tobias)  disappears  with  a  sharp  c/^irp,  like  a 
cricket's,  and  re-appears  with  a  sound  like  that  made  by  a  boy's 
marble  falling  upon  others  in  his  pocket  By  this  experiment, 
therefore,  a  gradual  analysis  is  made  of  the  eflFect  of  the  tick  of 
the  clock  on  the  tick  of  the  watch,  affording  a  beautiful  illus- 
tration of  the  fact  that  one  sonorous  sensation  may  overcome 
and  obliterate  another. 

Experiments  to  determine  the  relative  intensity  of  the  Clock-tides 
which  obliterate  the  Watch-ticks. — The  clock  was  placed  on  a  post 
in  the  middle  of  an  open  level  field  in  the  country,  on  nights 
when  the  air  was  calm  and  noiseless.  The  ticks  of  the  clock 
became  just  inaudible  when  ray  ear  was  removed  to  a  distance 
of  350  feet.  The  ticks  of  the  watch  became  just  inaudible  at  a 
distance  of  twenty  feet  The  ratio  of  the  squares  of  these 
numbers  makes  the  ticks  of  the  clock  about  300  times  more 
intense  than  those  of  the  watch.  On  the  same  nights  that  I 
made  the  above  determinations  I  also  put  the  clock  on  the  post 
and  placing  against  my  zygomatic  process  a  slender  stick  gra- 
duated to  inches  and  tenths,  I  stood  with  my  ear  at  distances 
from  the  clock  of  from  eight  to  sixteen  feet,  and  then  slid  the 
watch  above  and  along  the  stick  (taking  care  that  it  did  not 
touch  it)  until  it  reached  such  a  distance  from  the  ear  that  its 
fifth  tick  just  disappeared.  Knowing  the  relative  intensities  of 
the  ticks  of  clock  and  viaX^\i  Vti^u  ^wj^Al  ^\»^\!l^  oame  distance 
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from  the  ear,  the  law  of  the  reciprocals  of  the  squares  gives  the 
relative  intensities  when  the  clock  and  watch  are  at  the  several 
distances  obtained  in  the  above  experiments.  Large  numbers 
of  such  experiments  have  been  made,  and  the  results  agree  per- 
fectly well  when  we  take  into  consideration  first,  the  difficulty 
thrown  in  the  path  of  the  determinations  by  the  gradual  fading 
away  of  the  watch-ticks  as  they  approach  coincidence  with  the 
clocK -ticks;  and,  secondly,  the  impossibility  of  arriving  at  any 
result  at  all,  if  the  slightest  noise  (the  rustle  of  a  gentle  breeze, 
the  piping  of  frogs,  the  bark  of  a  distant  dog)  should  fall  on  the 
ear  of  the  observer  when  engaged  in  making  an  experiment 
The  general  result  of  the  numerous  experiments  thus  made 
shows  that  the  sensation  of  the  watch-tick  is  obliterated  by  a 
coincident  tick  of  the  clock,  when  the  intensity  of  the  clock-tick 
is  three  limes  that  of  the  watch-tick.  This  result,  however, 
must  be  regarded  as  merely  approximative,  not  only  from  the 
manner  in  which  it  was  obtained,  but  from  the  complexity  of  the 
sounds  on  which  the  experiments  were  made.  It  is  interesting, 
however,  both  as  being,  I  believe,  the  first  determination  of  this 
kind  that  has  ever  been  made,  and  as  having  opened  out  a  new 
and  important  field  of  research  in  physiological  acoustics. 

Experiments  on  the  Interference  of  the  sensations  of  Musical 
Sounds. — Reserving  the  further  development  of  my  discoveries 
for  future  papers,  I  will  now  briefly  describe  some  of  the  more 
prominent  and  simple  phenomena,  which  I  discovered  in  ex- 
perimenting with  musical  sounds.  At  the  outset  I  will  remove 
an  objection  always  made  by  those  versed  in  acoustics,  but 
unacquainted  with  these  new  phenomena.  It  is  as  follows: — 
''You  say  that  one  sound  may  obliterate  the  sensation  of 
another ;  but  are  you  sure  that  the  real  fact  is  not  an  alteration 
of  the  quality  of  the  more  intense  sound  by  the  action  of  the 
concurrent  feebler  vibration  ?"  I  exclude  this  objection  by  ex- 
perimenting as  follows: — An  open  or  close<l  organ-pipe  is 
sounded  forcibly,  and  at  a  few  feet  from  it  is  placed  the  instru- 
ment emitting  the  sound  to  be  obliterated,  which  may  be  either 
a  tuning-fork  on  its  resonance  box,  or  a  closed  organ-pipe  com- 
municating with  a  separate  bellows.  Suppose  that  in  the  fol- 
lowing experiment  both  tuning-fork  and  closed  organ-pipe  pro- 
duce a  note  higher  in  pitch  than  the  more  intense  or  extinguish- 
ing sound  of  tne  open  organ-pipe.  Now  sound  the  fork  alone 
strongly,  and  alternatelv  shut  and  open  its  resonance  box  with 
the  hand.  We  can  tlius  obtain  the  sound  of  the  fork  in  a 
regular  measure  of  time.  When  the  ear  has  well  apprehended 
the  intervals  of  silence  and  of  sound  thus  produced,  begin  the 
experiment  by  sounding  the  open  pipe  and  tuning-fork  simul- 
taneously Now,  if  any  change  is  thus  eflFected  in  the  quality 
of  sound  emitted  by  the  open  pipe,  this  change  cauuotooftvjx 
except  when  the  fork  is  sounded,  and  hence,  \i  \\.  occv^lT^  ^^»  ^> 
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it  must  occur  in  the  regular  measure  in  which  the  fork  is 
sounded.  The  following  are  the  facts  really  observed.  At  first 
every  time  that  the  mouth  of  the  box  is  open,  the  sound  of  the 
fork  is  distinctly  heard,  and  changes  the  Quality  of  the  note  of 
the  open  pipe  But  as  the  vibrations  of  the  fork  run  down  in 
amplitude,  the  sensations  of  its  effect  become  less  and  less,  till 
they  soon  entirely  vanish,  and  not  the  slightest  change  can  be 
observed  in  the  quality  or  intensity  of  the  note  of  the  open 
organ-pipe,  whether  the  resonance  box  of  the  fork  be  open  or 
closed.  Indeed  at  this  stage  of  the  experiment  the  vibrations 
of  the  fork  may  be  suddenly  and  totally  stopped  without  the 
ear  being  able  to  detect  the  fact  But  if  instead  of  stopping 
the  fork  when  it  becomes  inaudible,  we  stop  the  sound  of  the 
open  organ-pipe,  it  is  impossible  not  to  feel  surprised  at  the 
strong  sound  of  the  fork  which  the  open  pipe  had  smothered 
and  had  rendered  powerless  to  affect  the  ear.  If  we  replace 
the  tuning-fork  by  a  closed  organ-pipe  of  the  same  pitch,  the 
results  will  be  the  same,  but  in  this  case  I  adjust  the  intensity 
of  the  higher  closed  pipe  to  the  point  of  extinction  by  reg- 
ulating the  flow  of  air  from  the  bellows  by  a  valve  worked 
with  a  screw.  The  alternation  of  sound  and  silence  is  ob- 
tained by  closing  and  opening  the  mouth  of  the  closed  pipe  by 
the  hand. 

2.  On  the  discovery  of  the  fact  that  a  sound  even  when  intense 
cannot  obliterate  the  sensation  of  atiother  sound  lower  than  it 
in  pitch. 

High  Sounds  cannot  obliterate  Low  Sounds. — A  new  and  re- 
markable fact  was  now  discovered.  No  sound,  even  when  very 
intense,  can  diminish  or  obliterate  the  sensation  of  a  concurrent 
sound  which  is  lower  in  pitch.  This  was  proved  by  experi- 
ments similar  to  the  last,  but  differing  in  having  the  more  in- 
tense sound  higher  (instead  of  lower)  in  pitch.  In  this  case, 
when  the  ear  decides  that  the  sound  of  the  (lower  and  feebler) 
tuning-fork  is  just  extinguished,  it  is  generally  discovered  on 
stopping  the  higher  sound,  that  theftrk,  which  should  piT>duce 
the  lower  sound,  has  ceased  to  vibrate.  This  surprising  experi- 
ment must  be  made  in  order  to  be  appreciated.  I  will  only  re- 
mark that  very  many  similar  experiments,  ranging  through  four 
octaves,  have  been  made,  with  consonant  and  dissonant  inter- 
vals, and  that  scores  of  different  hearers  have  confirmed  this 
discovery.  It  is  important  to  understand  that  this  phenomenon 
depends  solely  on  difference  of  pitch,  and  not  at  all  on  the  abso- 
lute pitch  of  the  notes.  Thus  a  feeble  c'''  (1024  double  vibra- 
tions) is  heard  as  distinctly  through  an  intense  e'"  (1280  double 
vibrations)  as  a  feeble  c  (128  double  vibrations)  is  heard  through 
an  intense  g  (192  double  vibrations)  or  an  intense  c'  (266 
double  vibrations). 
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The  development  of  the  applications  and  of  the  fiirther  illus- 
trations of  these  discoveries  would  occupy  too  much  space ;  I 
must  therefore  restrict  myself  to  mentioning  some  of  tne  most 
interesting.  Let  a  man  read  a  sentence  over  and  over  again 
with  the  same  tone  and  modulation  of  voice,  and  while  he  is 
so  doing  forcibly  sound  a  c'  pipe  (256  double  vibrations).  A 
remarkable  effect  is  produced,  which  varies  somewhat  with  the 
voice  experimented  on,  but  the  ordinary  result  is  as  follows.  It 
appears  as  though  two  persons  were  reading  together,  one  with 
a  grave  voice  (which  is  found  hj  the  combination  of  all  the  rea- 
der's real  vocal  sounds  below  c  in  pitch,  or  having  less  than  256 
double  vibrations),  the  other  with  a  high-pitched  voice,  gener- 
ally squeaky  and  nasal,  and,  I  need  not  add,  very  disagreeable. 
Of  course  the  aspirates  come  out  with  a  distressing  promin- 
ence. I  have  observed  many  curious  illustrations  of  this  change 
in  the  quality  of  the  tone  of  the  voice,  caused  by  the  entire  or 
partial  obliteration  of  certain  vocal  components,  while  listening 
to  persons  talking  during  the  sound  or  a  steam  whistle,  or  in 
one  of  our  long,  resonant  American  railway  carriages.  Experi- 
ments similar  to  those  on  the  human  voice,  can  be  made, 
with  endless  modifications,  on  other  composite  sounds,  as  those 
of  reed-pipes,  of  stringed  instruments,  of  running  water,  &c. 
With  one  of  my  c  (128  double  vibrations)  free  Grenie  reeds,  I 
get  veiT  marked  results.  Using  as  a  concurrent  sound  an  in- 
tense c  (256  double  vibrations)  1  perceive  the  prime  or  funda- 
mental simple  tone  c  to  be  unaffected  in  intensity,  while  all  the 
other  partial  tones  (higher  harmonics  or  overtones,  as  they  are 
sometimes  called)  are  almost  obliterated,  except  the  fifth  partial 
(or  fourth  upper  partial  e'',  of  640  double  vibrations,  and  the 
sixth  partial  (or  fifth  upper  partial)  g'^  (of  768  double  vibra- 
tions), which  come  out  with  wonderful  distinctness.  The  fact 
that  the  lowest,  or  prime  partial  tone  in  the  majority  of  ordin- 
ary compound  musical  tones  is  strongest,  is  due  (among  other 
reasons)  to  the  fact  that  the  sensation  of  each  partial  tone  of 
which  the  whole  musical  tone  is  composed,  is  diminished  by 
the  action  on  the  ear  of  all  the  components  or  partial  tones, 
behw  it  in  pitch.  Thus  the  higher  the  pitch  of  any  component  or 
partial  tone,  the  greater  the  number  oi  lower  components  which 
tend  to  obliterate  it.  But  the  prime,  or  lowest  component  par- 
tial tone,  is  not  affected  by  any  other.  Another  illustration  I 
cannot  resist  giving.  At  the  end  of  the  street  in  New  York,  in 
which  I  resided,  there  is  a  large  fire-alarm  bell,  the  residual 
sound  of  which,  after  its  higher  components  have  disappeared, 
is  a  deep  simple  tone.  This  bass  sound  holds  its  own  with  total 
indifference  to  the  clatter  of  horses,  or  to  any  sounds  above  it  in 
pitch.  It  dies  out  with  a  smooth  gradient,  generally  without 
the  slightest  indentation  or  break  produced  by  the  other  sounds 
of  the  street    Indeed,  in  this  case,  as  in  a\\  o^ei^  "^^Liex^  qtl<^ 
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sound  remains  unaffected  by  intense  higher  notes,  the  observer 
feels  as  though  he  had  a  special  sense  for  the  perception  of  the 
graver  sound — an  organ  entirely  distinct  from  that  which  re- 
ceives the  impress  of  the  higher  tones. 

That  one  sonorous  sensation  cannot  interfere  with  another 
which  is  lower  in  pitch,  is  a  remarkable  physiological  discovery, 
and  next  after  the  demonstration  of  the  fact  thatthe  ear  is  capa- 
ble of  analyzing  compound  musical  sounds  into  their  constitu- 
ent or  partial  simple  tones,  is  probably  the  most  important  ad- 
dition yet  made  to  our  knowledge  of  the  nature  of  hearing.  It 
cannot  fail  to  introduce  profund  modifications  into  the  hypothe- 
ses heretofore  framed  respecting  the  mechanism  and  functions 
of  the  ear. 

8.    On   a  proposed  change  in  the  usual  method  of  conducting 
Orchestral  Music^  indicated  by  the  above  discoveries. 

We  have  seen  how  an  intense  sound  may  obliterate,  entirely 
or  in  part,  the  sensations  of  certain  partial  tones  or  components 
of  any  musical  tone,  and  thus  produce  a  profound  change  in  its 
quality.  In  a  large  orchestra  1  have  repeatedly  witnessed  the 
entire  obliteration  of  all  sounds  from  violins,  by  the  deeper  and 
more  intense  sounds  of  the  wind  instruments,  the  double-bases 
alone  holding  their  own.  I  have  also  observed  the  sounds  of 
the  clarinets  lose  their  peculiar  quality  of  tone  and  consequent 
charm  from  the  same  cause.  No  doubt  the  conductor  of  the 
orchestra  heard  all  his  violins,  ranged  as  they  always  are  close 
around  him,  and  did  not  perceive  that  his  clarinets  had  lost  that 
quality  of  tone  on  which  tht  composer  had  relied  for  producing 
a  special  character  of  expression. 

The  function  of  the  conductor  of  an  orchestra  seems  to  be 
threefold.  First,  to  regulate  and  fix  the  time.  Secondly,  to 
regulate  the  intensity  of  the  sounds  produced  hj  the  individual 
instruments,  for  the  purpose  of  expression.  Thirdly,  to  give 
the  proper  quality  of  tone  or  feeling  to  the  whole  sound  of  his 
orchestra,  considered  as  a  single  instrument,  by  regulating  the 
relative  intensities  of  the  sounds  produced  by  the  various  classes 
of  instruments  employed.  Now  this  third  function,  the  regula- 
tion of  relative  intensities,  has  hitherto  been  discharged  through 
the  judgment  of  the  ears  of  a  conductor  who  is  placed  in  the 
most  disadvantageous  position  forjudging  by  his  ears.  Surely 
he  is  not  conducting  for  his  own  personal  gratification,  butfor  the 
gratification  of  his  audience,  whose  ears  stand  in  very  different 
relations  from  his  own  in  respect  to  their  distance  from  the 
various  instruments  in  action.  Is  it  not  time  that  he  should 
pay  more  attention  to  his  third  function  and  place  himself  in 
the  position  occupied  by  an  avemge  hearer?  This  position 
would  be  elevated,  and  somewhere  in  the  midst  of  the  audience. 
The  exact  determmaUow  o?  \\a  ^\^Ci^  ^ould  depend  on  varioas 
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conditions  which  cannot  now  be  considered.  That  the  position 
at  present  occupied  by  the  conductor  of  an  orchestra  has  often 
allowed  him  to  deprive  his  audience  of  some  of  the  most  deli- 
cate and  touching  Qualities  of  orchestral  and  concerted  vocal 
music  I  have  no  (ioubt,  and  I  firmly  believe  that  when  he 
changes  his  position  in  the  manner  now  proposed  the  audience 
will  have  some  of  that  enjoyment  which  he  has  too  long  kept 
to  himself.  During  the  past  winter,  in  the  Academy  of  Music 
at  New  York,  and  this  spring  at  Oifenbach's  concerts,  I  fully 
confirmed  all  the  foregoing  surmises,  by  placing  myself  in  dif- 
ferent parts  of  the  house  to  observe  the  diflferent  results,  and 
my  opmions  were  fully  shared  by  others  who  have  a  more  deli- 
cate musical  organization  than  I  can  lay  claim  to. 

In  large  orchestras,  these  interferences  of  sonorous  sensations 
are  so  multiplied  and  various  as  to  be  beyond  our  mental  con- 
ception. By  taking  them  up  in  detail,  some  general  laws  may, 
however,  be  evolved.  But  it  will  be  impossible  to  formulate 
such  laws  until,  firstly,  we  are  in  possession  of  a  quanlttative 
analysis  of  the  compound  tones  of  all  musical  instruments  (that 
is,  until  we  know  the  relative  loudness  of  the  partial  tones  of 
which  they  are  composed  at  all  parts  of  their  compass),  and 
secondly,  we  have  determined  throughout  the  musical  scale  the 
relative  intensities  of  the  sounds  (of  simple  tones)  when  oblit- 
eration of  the  sensations  of  higher  (simple)  tones  supervenes. 
The  powerlessness  of  one  sound  to  affect  the  sensation  due  to 
another  sound  lower  than  itself  in  pitch  greatly  simplifies  this 
problem. 

4.  Applications  of  the  interferences  of  sonorous  sensations  to  the 
determinations  of  the  Relative  Intensities  of  /Sounds, 

Quantitative  analysis  of  the  compound  tones  of  musical  instru- 
ments is  now  the  great  desideratum  of  the  composer.  It  is 
only  after  we  know  the  relative  intensities  of  the  components 
of  typical  musical  tones  used  in  orchestral  performances,  that 
we  can  so  regulate  their  intensities  as  to  give  those  qualities  of 
sound  which  the  composer  desires  to  be  heard.  Thus,  it  at 
once  becomes  evident  that  the  instruments  used  in  orchestral 
music  should  be  very  differently  constructed  from  those  used 
for  solos  or  quartets.  In  orchestral  instruments  certain  charac- 
teristic upper  partials  (overtones,  harmonics)  should  predomin- 
ate, in  order  to  find  expression  in  the  midst  of  other  and  graver 
sounds.  Such  orchestral  instruments  will  therefore  have  ex- 
aggerated peculiarities  in  their  qualities  of  tone,  which  will 
render  them  unfit  to  be  played  on  alone,  and  uninfluenced  by 
other  orchestral  notes.  It  is  surely  not  hopeless  to  anticipate 
that  empirical  rules  may  be  attained,  which  will  guide  the 
musical  instrument-maker  to  the  production  of  those  special 
qualities  of  tone  required  in  orchestral  inalT\]Lm^Ti\&.    W\Sk\.Q>\\M^- 
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nate  that  the  very  phenomemi  of  the  interferences  of  sonoroas 
sensations  will  assist  in  the  much  desired  solution  of  the  prob- 
lem of  measuring  the  intensity  of  a  sound  (simple  tone),  either 
when  existing  alone  or  as  component  of  an  ordinary  musical 
(compound)  tone.  On  this  subject  I  am  now  engaged.  It  is 
evident  (by  way  of  illustration),  that  so  far  as  concerns  the 
measure  of  the  relative  intensities  of  sounds  of  the  same  pitchy 
this  problem  has  already  received  the  simplest  solution  by 
merely  placing  these  sounds  at  various  distances,  and  obliter- 
ating the  sensations  they  excite  by  means  of  a  constant  and 
standard  sound  of  a  lower  pitch,  feut  I  reserve  a  description 
of  this  work  for  a  more  formal  publication. 


Art.  XL. — Address  at  the  Glasgow  Meeting  of  the  British  Asso- 
ciation; by  Professor  Sir  William  Thomson,  President  of 
the  Mathematical  and  Physical  Section. 

A  CONVERSATION  which  I  had  with  Professor  Newcomb  one 
evening  last  June,  in  Professor  Henry's  drawing-room  in  the 
Smithsonian  Institution,  Washington,  has  forced  me  to  give  all 
my  spare  thoughts  ever  since  to  Hopkins's  problem  of  I^reces- 
sion  and  Nutation,  assuming  the  earth  a  rigid  spheroidal  shell 
filled  with  liquid.  Six  weeks  ago,  when  I  land!ed  in  England 
after  a  most  interesting  trip  to  America  and  back,  and  became 

Cainfally  conscious  that  I  must  have  the  honor  to  address  yoa 
ere  to-day,  I  wished  to  write  an  address  of  which  science  in 
America  should  be  the  subject.  I  came  home,  indeed,  vividly 
impressed  with  much  that  I  had  seen,  both  in  the  Great  Exhibi- 
tion of  Philadelphia  and  out  of  it,  showing  the  truest  scientific 
spirit  and  devotion,  the  originality,  the  inventiveness,  the 
patient  persevering  thoroughness  of  work,  the  appreciativenesa, 
and  the  generous  openmindedness  and  sympathy,  from  which 
the  great  things  of  science  come. 

(-UXco  Xtyeiv  At  per  6  a^ 
&i\co  Si  Kvdpiov  aSeiv. 

I  wish  I  could  speak  to  you  of  the  veteran  Henry,  generous 
rival  of  Faraday  in  electromagnetic  discovery ;  of  Peirce  the 
founder  of  high  mathematics  in  America;  of  Bache,  and  of  the 
splendid  heritage  he  has  left  to  America  and  to  the  world  in  the 
United  States  Coast  Survey  ;  of  the  great  school  of  astronomers 
which  followed,  Gould,  Newton,  Newcomb,  Watson,  Young, 
Alvan  Clarke,  Rutherfurd,  Draper,  father  and  son :  of  Comman- 
der Belknap  and  his  great  exploration  of  the  Pacific  depths  by 
pianoforte  wire,  with  imperfect  apparatus  supplied  from  Glaa- 
gow,  out  of  whicb  be  forced  a  avwiceaa  in  his  own  way ;  of  Cap- 
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tain  Sigsbee,  who  followed  with  like  fervor  and  resolution,  and 
made  further  improvements  in  the  apparatus  by  which  he  has 
done  marvels  of  easy,  quick,  and  sure  deep-sea  sounding  in  his 
little  surveying  ship  B'akf ;  and  of  the  admirable  oflBcial  spirit 
which  makes  such  men  and  such  doings  possible  in  the  United 
States  Naval  Service.  I  would  like  to  tell  vou  too  of  my  rea- 
son  for  confidently  expecting  that  American  hydrography  will 
soon  supply  the  data  from  tidal  observations,  long  ago  asked 
of  our  Government  in  vain  by  a  Committee  of  the  British  Asso- 
ciation, by  which  the  amount  of  the  earth's  elastic  yielding  to 
the  distorting  influence  of  the  sun  and  moon  will  be  measured  ; 
and  of  my  strong  hope  that  the  Compass  Department  of  the 
American  Navy  will  repay  the  debt  to  France,  England,  and 
Germany  so  appreciatively  acknowledged  in  their  reprint  of  the 
works  of  Poisson,  Airy,  Archibald  Smith,  Evans,  and  the  Liver- 
pool Compass  Committee,  by  giving  in  return  a  fresh  marine 
survey  of  terrestrial  magnetism,  to  supply  the  navigator  with 
data  for  correcting  his  compass  without  sights  of  sun  or  stars. 

Can  I  go  on  to  precession  and  nutation  without  a  word  of 
what  I  saw  in  the  Great  Exhibition  of  Philadelphia?  In  the 
U.  S.  Government  part  of  it,  Profiessor  Hilgard  showed  me  the 
measuring- rods  of  the  U.  &  Coast  Survey,  with  their  beautiful 
mechanical  appliances  for  end  measurement,  by  which  the 
three  great  base  lines  of  Maine,  Long  Island,  and  Georgia,  were 
measured  with  about  the  same  accuracy  as  the  most  accurate 
scientific  measurers,  whether  of  Europe  or  America,  have 
attained  in  comparing  two  meter  or  yard  measures. 

In  the  United  States  telegraphic  department  I  saw  and  heard 
Elisha  Gray's  splendidly  worked-out  electric  telephone  actually 
sounding  four  messages  simultaneously  on  the  Morse  code,  and 
clearly  capable  of  doing  yet  four  times  as  many  with  very 
moderate  improvements  of  detail ;  and  I  saw  Edison's  automatic 
telegraph  delivering  1,015  words  in  67  seconds:  this  done  by 
the  long-neglected  electro-chemical  method  of  Bain,  long  ago 
condemned  in  England  to  the  helot  work  of  recording  from  a 
relay,  and  then  turned  adrift  as  needlessly  delicate  for  that  In 
the  Canadian  department  I  heard  '*  To  be  or  not  to  be,  ...  . 
there's  the  rub,"  through  an  electric  telegraph  wire  ;  but,  scorn- 
ing monosyllables,  the  electric  articulation  rose  to  higher  flights, 
and  gave  me  passages  taken  at  random  from  the  New  York 
newspapers: — **S.  S.  Cox  has  arrived"  (I  failed  to  make  out 
the  S.  S.  Cox) ;  **The  City  of  New  York,"  ^*  Senator  Morton," 
"The  Senate  has  resolved  to  print  a  thousand  extra  copies;" 
"The  Americans  in  London  have  resolved  to  celebrate  the 
coining  Fourth  of  July."  All  this  my  own  ears  heard,  spoken 
to  me  with  unmistakable  distinctness  by  the  thin  circular  disc 
armature  of  just  such  another  little  electro-magnet  as  tliia  ^V^x^V^ 

Ax.  JouB.  Sol— Thj«d  8bbik8,  Vol.  XII,  No.  71.— liiov.A^^^- 
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I  hold  in  my  hand.  The  words  were  shouted  with  a  clear  and 
loud  voice  by  my  colleague-judge,  Professor  Watson,  at  the  fer 
end  of  the  telegraph  wire,  holding  his  mouth  close  to  a  stretched 
membrane,  such  as  you  see  before  you  here,  carrying  a  little 
piece  of  soft  iron,  which  was  thus  made  to  perform  in  the  neigh- 
Dorhood  of  an  electm-magnet  in  circuit  with  the  line  motions 
proportional  to  the  sonorilic  motions  of  the  air.  This,  the 
greatest  by  far  of  all  the  marvels  of  the  electric  telegraph,  is 
due  to  a  young  countryman  of  our  own,  Mr.  Graham  Bell,  of 
Edinburgh  and  Montreal,  and  Boston,  now  becorainff  a  natu- 
ralized citizen  of  the  United  States.  Who  can  but  admire  the 
hardihood  of  invention  which  devised  such  very^  slight  means 
to  realize  the  mathematical  conception  that,  if  electricity  is  to 
convey  all  the  delicacies  of  quality  which  distinguish  articulate 
speech,  the  strength  of  its  current  must  vary  continuously  and 
as  nearly  as  may  be  in  simple  proportion  to  the  velocity  of  a 
particle  of  air  engaged  in  constituting  the  sound  ? 

The  Patent  Museum  of  Washington,  an  institution  of  wliich 
the  nation  is  justly  proud,  and  the  beneficent  working  of  the 
United  States  patent  laws,  deserve  notice  in  the  section  of  the 
British  Association  concerned  with  branches  of  science  to  which 
nine-tenths  of  all  the  useful  patents  of  the  world  owe  their  foun- 
dations. I  was  much  struck  with  the  prevalence  of  patented 
inventions  in  the  Exhibition :  it  seemed  to  me  that  every  good 
thing  deserving  a  patent  was  patented.  I  asked  one  inventor 
of  a  very  good  invention  "  Why  don't  you  patent  it  in  Eng- 
land?" He  answered,  "The  conditions  in  England  are  t<x) 
onerous."  We  certainly  are  far  behind  America's  wisdom  ia 
this  respect  If  Europe  does  not  amend  its  patent  laws  (Eng- 
land in  the  opposite  direction  to  that  proposed  in  the  Bills 
before  the  last  two  sessions  of  Parliament)  America  will  speedily 
become  the  nursery  of  useful  inventions  for  the  world, 

I  should  tell  you  also  of  "Old  Prob's"  weather  warnings, 
which  cost  the  nation  250,000  dollars  a  year;  money  well  spent 
say  the  western  farmers,  and  not  they  alone:  in  this  the  wnole 
people  of  the  United  States  are  agreed,  and  though  Democrats 
or  Republicans  playing  the  "economical  ticket"  may  for  half  a 
session  stop  the  appropriations  for  even  the  United  States  Coast 
Survey,  no  one  would  for  a  moment  think  of  proposing  to 
starve  "  Old  Prob ;"  and  now  that  80  per  cent  of  his  probabili- 
ties have  proved  true,  and  General  Myers  has  for  a  month  back 
ceased  to  call  his  daily  forecasts  "  probabilities"  and  has  begun 
to  call  them  indications,  what  will  the  western  farmers  call  him 
this  time  next  year? 

And  the  United  States  Naval  Observatory,  full  of  the  very 
highest  science,  under  the  command  of  Admiral  Davis  !  If,  to 
get  on  to  precession  and  nutation,  I  had   resolved   to  omit 
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telling  you  that  I  had  there,  in  an  instrument  for  measuring 
photographs  of  the  transit  of  Venus — shown  me  by  Professor 
Harkness,  a  young  Scotsman  attracted  into  the  United  States 
Naval  Service — seen  for  the  first  time  in  an  astronomical  ob- 
servatory a  geometrical  slide,  the  verdict  on  the  disaster  on 
board  the  Thunderer,  published  while  I  am  writing  this  address, 
forbids  me  to  keep  any  such  resolution,  and  compels  me  to  put 
the  question,  Is  there  in  the  British  Navy,  or  in  a  British 
steamer,  or  in  a  British  land  boiler  another  safety-valve  so  con- 
structed that  by  any  possibility,  at  any  temperature,  or  under 
any  stress  it  can  jam  ?  and  to  say  that  if  there  is  it  must  be 
instantly  corrected  or  removed. 

I  ought  to  speak  to  you,  too,  of  the  already  venerable  Har- 
vard University,  the  Cambridge  of  America,  and  of  the  Techno- 
logical Institute  of  Boston,  created  by  William  Eogers,  brother 
of  my  late  colleague  in  this  university  (Glasgow),  Henrv  Rogers, 
and  of  the  Johns  Hopkins  University  of  Baltimore,  which  with 
its  youthful  vigor  has  torn  Sylvester  from  us,  has  utilised  the 
genius  and  working  power  of  Rowland  for  experimental  research, 
and  three  days  after  my  arrival  in  America,  sent  for  the  young 
Porter  Poinier  to  make  him  a  Fellow.  But  he  was  on  his  death- 
bed in  New  York  "begging  his  physicians  to  keep  him  alive 
just  to  finish  his  book,  and  then  he  would  be  willing  to  go." 
Of  his  book,  "  Thermodynamics,"  we  may  hope  to  see  at  least 
a  part,  for  much  of  the  manuscript,  and  good  and  able  friends 
to  edit  it,  are  left ;  but  the  appointment  to  a  Fellowship  in  the 
Johns  Hopkins  University  came  a  day  too  late  to  gratify  his 
noble  ambition. 

But  the  stimulus  of  intercourse  with  American  scientific 
men  left  no  place  in  my  mind  for  framing,  or  attempting  to 
frame  a  report  on  American  science.  Disturbed  by  NewcomVs 
suspicions  of  the  earth^s  irregularities  as  a  Time-keeper,  I  could 
think  of  nothing  but  precession  and  nutation,  and  tides  and 
monsoons,  and  settlements  of  the  equatorial  regions,  and  melting 
of  polar  ica  Week  after  week  passed  before  I  could  put  down 
two  words  which  I  could  read  to  you  here  to-day :  and  so  I 
have  nothing  to  ofier  you  for  my  Address  but — 

Review  of  Evidence  regarding  the  Physical  Condition  of  the  Earth  ; 
its  Liternal  Temperature  ;  the  Fluidity  or  Solidity  of  its  In- 
tanor  Substance;  the  Rigidity,  Elasticity,  Plasticity,  of  its 
External  Figure ;  and  the  Permanence  or  Variahility  of  its 
Period  and  Axis  oj  Rotation. 

The  evidence  of  a  high  internal  temperature  is  too  well  known 
to  need  any  quotation  of  particulars  at  present  Suffice  it  to 
say  that  below  the  uppermost  ten  meters  stratum  of  rock  or 
soil  sensibly  a£fected  by  diurnal  and  annual  variations  ol  \j^xs^- 
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perature,  there  is  generally  found  a  gradual  increase  of  tennpera- 
ture  downward,  approximating  roughly,  in  ordinary  localities, 
to  an  average  rate  of  1°  C.  per  thirty  meters  of  descent,  but 
much  greater  in  the  neighborhood  of  active  volcanoes,  and  cer- 
tain other  special  localities  of  comparatively  small  area,  where 
hot  springs  and,  perhaps,  also,  sulphurous  vapors  prove  an 
intimate  relationship  to  volcanic  quality.  It  is  worthy  of 
remark  in  passing,  that,  so  far  as  we  know  at  present,  there  are 
no  localities  of  exceptionally  small  rate  of  augmentation  of 
undergn)und  temperature,  and  none  where  temperature  dimin- 
ishes at  any  time  through  any  considerable  depth  downward 
below  the  stratum  sensibly  influenced  by  summer  heat  and 
winter  cold.  Any  considerable  area  of  the  earth  of,  say,  not 
less  than  a  kilometer  in  any  horizontal  diameter,  which  for 
several  thousand  years  had  been  covered  by  snow  or  ice,  and 
from  which  the  ice  had  melted  away  and  left  an  average  surface 
temperature  of  13°,  would,  during  nine  hundred  years,  show  a 
decreasing  temperature  for  some  depth  down  from  the  surface: 
and  thirty-six  hundred  years  after  tlie  clearing  away  of  the  ice 
would  still  show  a  residual  effect  of  the  ancient  cold,  in  a  half 
rate  of  augmentation  of  temperature  downward  in  the  upper 
strata,  gradually  increasing  to  the  whole  normal  rate  which 
would  be  sensibly  reached  at  a  depth  of  600  meters. 

By  a  simple  effort  of  geological  calculus  it  has  been  estimated 
that  1°  per  30  meters  gives  1000°  per  30,000  meters,  and  3333° 

Eer  100  kilometers.  This  arithmetical  result  is  irrefragable, 
ut  what  of  the  physical  conclusion  drawn  from  it  with  mar- 
vellous frequency  and  pertinacity  that  at  depths  of  from  30  to 
too  kilometers  tfie  temperatures  are  so  high  as  to  melt  all  sub- 
stances composing  the  earth's  upper  crust?  It  has  been 
remarked,  indeed,  that  if  observation  showed  any  diminution 
or  augmentation  of  the  rate  of  increase  of  undergroud  tempera- 
ture in  great  depths,  it  would  not  be  right  to  reckon  on  the 
uniform  rate  ot  l^  per  30  meters,  or  thereabouts,  down  to  30  or 
60  or  100  kilometers.  '^But  observation  has  shown  nothing  of 
the  kind,  and  therefore  surely  it  is  most  consonant  with  induc- 
tive philosophy  to  admit  no  great  deviation  in  any  part  of  the 
earth's  solid  crust  from  the  rate  of  increase  provea  by  observa- 
tion as  lar  as  the  greatest  depths  to  which  we  have  reached  !'^ 
Now  I  have  to  remark  upon  this  argument  that  the  greatest 
depth  to  which  we  have  reached  in  observations  of  underground 
temperature  is  scarcely  one  kilometer ;  and  that,  if  a  10  per 
cent  diminution  of  the  rate  of  augmentation  of  underground 
temperature  downward  were  found  at  a  depth  of  one  kilometer, 
this  would  demonstrate*  that  within  the  last  100,000  years  the 

*  For  proof  of  this  and  following  statements  regarding  Underground  Ueat  I 
refer  to  "  Secular  Cooling  of  the  Earth,"  TransaciUma  of  the  Rojal  Society  of 
Edinburgh,  1862,  and  ThomBoii  &xiaLT«\tf  ^  ''^«i\?3x«l^\^<cMo^y^"  Appendix  D. 
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upper  surface  of  the  earth  must  have  been  at  a  higher  tempera- 
ture than  that  now  found  at  the  depth  of  one  kilometer.  Such 
a  result  is  no  doubt  to  be  found  by  observation  in  places  which 
have  been  overflown  by  lava  in  the  memory  of  man,  or  a  few 
thousand  years  farther  back ;  but  if,  without  going  deeper  than 
a  kilometer,  a  10  per  cent  diminution  of  the  rate  of  increase  of 
temperature  downward  were  found  for  the  whole  earth,  it 
would  limit  the  whole  of  geological  history  to  within  100,000 
years,  or,  at  all  events,  would  interpose  an  absolute  barrier 
against  the  continuous  descent  of  life  on  the  earth  from  earlier 
periods  than  100,000  years  ago.  Therefore,  although  search  in 
particular  localities  for  a  diminution  of  the  rate  of  augmenta- 
tion of  underground  temperature  in  depths  of  less  than  a  kilo- 
meter may  be  of  intense  interest,  as  helping  us  to  fix  the  dates 
of  extinct  volcanic  actions  which  have  taken  place  within 
100,000  years  or  so,  we  know  enough  from  thoroughly  sure 
geological  evidence  not  to  expect  to  find  it,  except  in  particu- 
lar localities,  and  to  feel  quite  sure  that  we  shall  not  find  it 
under  any  considerable  portion  of  the  earth's  surface.  If  we 
admit  as  possible  any  such  discontinuity  within  900,000  years, 
we  might  be  prepared  to  find  a  sensible  diminution  of  the  rate 
at  three  kilometers  depth ;  but  not  at  anything  less  than  80 
kilometers  if  geologists  validly  claim  as  much  as  90,000,000  of 
years  for  the  length  of  the  time  with  which  their  science  is 
concerned.  Now  this  implies  a  temperature  of  1000°  C.  at  the 
depth  of  30  kilometers,  allows  something:  less  than  2000°  for 
the  temperature  at  60  kilometers,  and  Joes  not  require  much 
more  than  4000°  C.  at  any  depth,  however  great;  but  does 
require  at  the  great  depths  a  temperature  of  at  all  events  not 
less  than  about  4000°  C.  It  would  not  take  much  "hurrying 
up"  of  the  actions  with  which  they  are  concerned,  to  satisfy 
geologists  with  the  more  moderate  estimate  of  60,000,000  of 
years.  This  would  imply  at  least  about  3000°  C.  for  the  limit- 
ing temperature  at  great  depths.  If  the  actual  substance  of  the 
earth,  whatever  it  may  be,  rocky  or  metallic,  at  depths  of  from 
60  to  100  kilometers,  under  the  pressure  actually  there  experi- 
enced by  it  can  be  solid  at  temperatures  of  from  3000°  to  4000°, 
then  we  may  hold  the  former  estimate  (90,000,000)  to  be  as 
probable  as  the  latter  (60,000,000)  so  far  as  evidence  from 
underground  temperature  can  guide  us.  If  4000°  would  melt 
the  earth  s  substance  at  a  depth  of  100  kilometers,  we  must 
reject  the  former  estimate,  though  we  might  still  admit  the 
latter;  if  3000°  would  melt  the  substance  at  a  depth  of  60 
kilometers,  we  should  be  compelled  to  conclude  that  60,000,000 
of  years  is  an  over-estimate.  Whatever  may  be  its  jige,  we 
may  be  quite  sure  the  earth  is  solid  in  its  interior;  not,  I  admit, 
throughout  its  whole  volume,  for  there  certainly  are  spaces  ia 
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volcanic  regions  occupied  bv  liquid  lava:  but  whatever  portion 
of  the  whole  mass  is  liquid,  whether  the  waters  of  the  ocean  or 
melted  matter  in  the  interior,  these  portions  are  small  in  com- 
parisf)n  with  the  whole,  and  we  must  utterly  reject  any  geologi- 
cal hypothesis  which,  whether  for  explaining  underground  heat 
or  ancient  upheavals  and  subsidences  of  the  solid  crust,  or 
earthquakes,  or  existing  volcanoes,  assumes  the  solid  earth  to 
be  a  snell  of  30,  or  100,  or  500,  or  1,000  kilometers  thickness, 
resting  on  an  interior  liquid  mass. 

This  conclusion  was  first  arrived  at  by  Hopkins,  who  may 
therefore  properly  be  called  the  discoverer  of  the  earth's  solidity. 
He  was  led  to  it  by  a  consideration  of  the  phenomena  of  pre- 
cession and  nutation,  and  gave  it  as  shown  to  be  highly  prob- 
able, if  not  absolutely  demonstrated,  by  his  confessedly  imperfect 
and  tentative  investigation.  But  a  rigorous  application  of  the 
perfect  hydrodynamical  equations  leads  still  more  decidedly  to 
the  same  conclusion. 

I  am  able  to  say  this  to  you  now  in  consequence  of  the  con- 
versation with  Professor  Newcomb  to  which  I  have  already 
alluded.  Admitting  fully  my  evidence  for  the  rigidity  of  the 
earth  from  the  tides,  he  doubted  the  argument  from  precession 
and  nutation.  Trying  to  recollect  what  I  had  written  on  it 
fourteen  years  ago  in  a  paper  on  the  Rigidity  of  the  Earth, 
published  in  the  Transactions  of  the  Royal  Society,  my  con- 
science smote  me,  and  I  could  only  stammer  out  that  1  had 
convinced  myself  that  so  and  so,  and  so  and  so,  at  which  I  had 
arrived  by  a  non-mathematical  short  cut,  were  trua  He  hinted 
that  viscosity  might  suffice  to  render  precession  and  nutation 
the  same  as  if  the  earth  were  rigid,  and  so  vitiate  the  argument 
for  rigidity.  This  I  could  not  for  a  moment  admit  any  more 
than  when  it  was  first  put  forward  by  Delaunay.  But  doubt 
entered  my  mind  regarding  the  so  and  so,  and  so  and  so  ;  and  I 
had  not  completed  the  night  journey  to  Philadelphia  which 
hurried  me  away  from  oar  unfinished  discussion  before  I  had 
convinced  myself  that  they  were  grievously  wrong.  So  now  I 
must  request  as  a  favor  that  each  one  of  you  on  going  home 
will  instantly  turn  up  his  or  her  copies  of  the  Transactions  of 
the  Royal  Society  for  1862,  and  of  Thomson  and  Tait's  "  Natural 
Philosophy."  vol.  i.,  and  draw  the  pen  through  §§  23-31  of  ray 
paper  on  the  "  Rigidity  of  the  Earth"  in  the  former,  and  through 
everything  in  §§  847-^9  of  the  latter,  which  refers  to  the  eflfect 
on  precession  and  nutation  of  an  elastic  yielding  of  the  earth's 
surface. 

When  those  passages  were  written  I  knew  little  or  nothing  of 
vortex  motion ;  and  until  my  attention  was  recalled  to  them  by 
Professor  Newcomb,  I  had  never  once  thought  of  this  subject 
in  the  light  thrown  upon  it  by  the  theory  of  ^he  quasi-rigid ity 
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induced  in  a  liquid  by  vortex  motion  which  has  of  late  occiipied 
me  so  much.  With  this  fri*sh  light  a  little  consideration  sufficed 
to  show  me  that  (although  the  old  obvious  conclusion  is  of 
course  true,  that  if  the  inner  boundary  of  the  imagined  rigid 
shell  of  the  earth  were  rigorously  spherical,  the  interior  liquid 
could  experience  no  precessional  or  nutational  influence  from 
the  pressure  on  its  bounding  surface,  and  therefore  if  homogene- 
ous could  have  no  precession  or  nutation  at  all,  or  if  heterogene- 
ous only  as  raucli  precession  and  nutation  as  would  be  produced 
by  attraction  from  without  in  virtue  of  non-sphericity  of  its 
surfaces  of  equal  density,  and  therefore  the  shell  would  have 
enormously  more  rapid  precession  and  nutation  than  it  actually 
has — forty  times  as  much,  for  instance,  if  the  thickness  of  the 
shell  is  sixty  kilometers)  a  very  slight  deviation  of  the  inner 
surface  of  the  shell  from  perfect  sphericity  would  suffice,  in 
virtue  of  the  quasi-rigidity  due  to  vortex  motion,  to  hold  back 
the  shell  from  taking  sensibly  more  precession  than  it  would 
give  to  the  liquid,  and  to  cause  the  liquid  (homogeneous  or 
heterojreneous)  and  the  shell  to  have  sensibly  the  same  preces- 
sional motion  as  if  the  whole  constituted  one  rigid  body.  But 
it  is  only  because  of  the  very  long  period  (26,000  years)  of  pre- 
cession, in  comparison  witJi  the  period  of  rotation  (one  day), 
that  a  very  slight  deviation  from  sphericity  would  suffice  to 
cause  the  whole  to  move  as  if  it  were  a  rigid  body.  A  little 
further  consideration  showed  me — 

(1)  That  an  ellipticity  of  inner  surface  equal  to    ^  ^  — q-= 

would  be  too  small,  but  that  an  ellipticity  of  one  or  two  hundred 
times  this  amount  would  not  be  too  small,  to  compel  approxi- 
mate equality  of  precession  throughout  liquid  and  shell. 

(2)  That  with  an  ellipticity  of  interior  surface  equal  to  ^ijy, 
if  the  precessional  motive  were  26,000  times  as  great  as  it  is, 
the  motion  of  the  liquid  would  be  very  different  from  that  of  a 
rigid  mass  rigidly  connected  with  the  shell : 

(3)  'I'hat  with  the  actual  forces  and  the  supposed  interior 
ellipticity  of  ji^  the.  lunar  nineteen-yearly  nutation  might  be 
affected  to  about  five  per  cent  of  its  amount  by  interior 
liquidity. 

(4)  Lastly,  that  the  lunar  semi-annual  nutation  must  be 
largely,  and  the  lunar  fortnightly  nutation  enormously,  affected 
by  interior  liquidity. 

But  although  so  much  could  be  foreseen  readily  enough,  I 
found  it  impossible  to  discover,  without  thorough  mathematical 
investigation,  what  might  be  the  characters  and  amounts  of  the 
deviations  from  a  rigid  body's  motion  which  the  several  cases  of 
precession  and  nutation  contemplated  would  present.  The 
investigation,  limited  to  the  case  of  a  homogeneous  liquid  en- 
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closed  in  an  ellipsoidal  shell,  has  brought  out  results  which  I 
confess  havegnatly  surprised  me.  When  the  interior  ellipticity 
of  the  shell  is  just  too  small,  or  the  periodic  speed  of  the  dis- 
turbance just  too  great  to  allow  the  motion  of  the  whole  to  be 
sensibly  that  of  a  rigid  body,  the  deviation  firet  sensible  ren- 
ders the  precessional  or  nutational  motion  of  the  shell  smaller 
than  if  the  whole  were  rigid,  instead  of  greater,  as  I  expected 
The  amount  of  this  diflFerence  bears  the  same  proportion  to  the 
actual  precession  or  nutation  as  the  fraction  measuring  the  peri- 
odic speed  of  the  disturbance  (in  terms  of  the  period  of  rota- 
tion as  Tiniiy)  bears  to  the  fraction  measuring  the  interior  ellip- 
ticity of  the  shell ;  and  it  is  remarkable  that  this  result  is  inde- 
pendent of  the  thickness  of  the  shell,  assumed  however  to  be 
small  in  proportion  to  the  earth's  radius.  Thus  in  the  case  of 
precession  the  efl'cct  of  interior  liquidity  would  be  to  diminish 
the  periodic  speed  of  the  precession  in  the  proportion  stated ; 
in  other  wonls,  it  would  add  to  the  precessional  period  a  num- 
ber of  days  equal  to  the  multiple  of  the  rotational  period 
equal  to  ihe  number  whose  reciprocal  measures  the  ellipticity. 
Thus  in  the  actual  case  of  the  earth  if  we  still  take  ^ Jj  as  the 
eflipticity  of  the  inner  boundary  of  the  supposed  rigid  shell, 
the  effect  would  be  to  augment  by  300  days  the  precessional 
period  of  2,600  years,  or  to  diminish  by  about  j\  the  annual 
precession  of  about  51" — an  effect  which  I  need  not  say  would 
be  wholly  insensible.  But  on  the  lunar  nutation  of  18H  years 
period  the  effect  of  interior  liquidity  would  he  quite  sensible; 
18"6  years  being  23  times  300  days,  the  effect  would  be  to 
diminish  the  axes  of  the  ellipse  which  the  earth's  pole  describes 
in  this  period  each  by  ^'3  of  its  own  amount  The  semi-axes 
of  this  ellipse  calculated  on  the  theory  of  perfect  rigidity  from 
the  very  accurately  known  amount  of  precession  and  the  fairly 
accurate  knowledge  which  we  have  of  the  ratio  of  the  lunar  to 
the  solar  part  of  the  precessional  motive  are  9" '22  and  6"'86, 
with  an  uncertainty  not  amounting  to  one-half  per  cent  on  ac- 
count of  want  of  perfect  accuracy  in  the  latter  part  of  data. 
If  the  true  values  were  less  each  by  5*3  of  its  own  amount,  the 
discrepance  might  have  escaped  detection,  or  might  not  have  es- 
caped detection  ;  but  certainly  could  be  found  if  looked  for. 
So  far  nothing  can  be  considered  as  absolutely  proved  with 
reference  to  the  interior  solidity  of  the  earth  from  prec<*ssion 
and  nutation  ;  but  now  think  01  the  solar  semi-annual  and  the 
lunar  fortnightly  nutations.  The  period  of  each  of  these  is 
less  than  300  days.  Now  the  In'drodynamical  theory  shows 
that  irrespective  of  the  thickness  of  the  shell,  the  nutation 
of  the  crust  would  be  zero  if  the  period  of  the  nutational  dis- 
turbance were  ,300  times  the  period  of  rotation  (the  ellipticity 
being  ji^) :  if  the  nutational  period  were  anything  between 
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this  and  a  certain  smaller  critical  value  depending  on  the  thick- 
ness of  the  crust,  the  nutation  would  oe  negative ;  if  the 
period  were  equal  to  this  second  critical  value,  the  nutation 
would  be  infinite :  and  if  the  period  were  still  less,  the  nutation 
would  be  again  positiva  Further,  the  183  days  period  of  the 
solar  nutation  falls  so  little  short  of  the  critical  800  days,  that 
the  amount  of  the  nutation  is  not  sensibly  influenced  by  the 
thickness  of  the  crust — is  negative  and  equal  in  absolute  value 
to  1^  (being  the  reciprocal  of  ff l""l)  times  what  the  amount 
would  be  were  the  earth  solid  throughout  Now  this  amount 
as  calculated  in  the  Nautical  Almanac  makes  0"*65,  and  0"*51 
the  semi-axes  of  the  ellipse  traced  by  the  earth *s  axis  round  its 
mean  position  ;  and  if  the  true  nutation  placed  the  earth's  axis 
on  the  opposite  side  of  an  ellipse  having  "-86  and  "'81  for  its 
semi -axes,  the  discrepance  could  not  possibly  have  escaped  de- 
tection. But  lastly,  think  of  the  lunar  fortnightly  nutation. 
Its  period  is  j\  of  300  days,  and  its  amount,  calculated  in  the 
Nautical  Almanac  on  the  theory  of  complete  solidity,  is  such 
that  the  greater  semi-axis  of  the  approximately  circular  ellipse 
described  by  the  pole  is  0'''0326.  Were  the  crust  infinitely 
thin  this  nutation  would  be  negative,  but  its  amount  nineteen 
times  that  corresponding  to  solidity.  This  would  make  the 
greater  semi-axis  of  the  approximatefy  circular  ellipse  described 
by  the  pole  amount  to  19x0"'0886,'  which  is  1"7.  It  would 
be  negative  and  of  some  amount  between  1"*7  and  infinity,  if 
the  thickness  of  the  crust  were  anything  from  zero  to  120  kilo- 
meters. This  conclusion  is  absolutely  decisive  against  the  geo- 
logical hypothesis  of  a  thin  rigid  shell  full  of  liquid. 

But  interesting  in  a  dynamical  point  of  view  as  Hopkin's 
problem  is,  it  cannot  aflFord  a  decisive  argument  against  the 
earth's  interior  liquidity.  It  assumes  the  crust  to  be  perfectly 
stifi'and  unyielding  in  its  figure.  This  of  course  it  cannot  be, 
because  no  material  is  infinitely  rigid ;  but,  composed  of  rock 
and  possibly  of  continuous  metal  in  the  great  depths,  may  the 
crust  not  as  a  whole  be  still  enough  to  practically  fulfill  the 
condition  of  unyieldingness?  No;  decidedly  it  could  not; 
on  the  contrary,  were  it  of  continuous  steel  and  500  kilome- 
ters thick,  it  would  yield  very  nearly  as  much  as  if  it  were 
india-rubber,  to  the  deforming  influences  of  centrifugal  force 
and  of  the  sun's  and  moon's  attractions.  Now,  although  the 
full  problem  of  precession  and  nutation,  and  what  is  now  neces- 
sarily included  in  it,  tides — in  a  continuous  revolving  liquid 
spheroid,  whether  homogeneous  or  heterogeneous,  has  not  yet 
been  coherently  worked  out,  I  think  I  see  far  enough  towards 
a  complete  solution  to  say  that  precession  and  nutations  will 
be  practically  the  same  in  it  as  in  a  solid  globe,  and  that  the 
tides  will  be  practically  the  same  as  those  of  the  equilibriuni 


846    Address  of  Sir  Wm.  Thomson  at  the  Glasgow  Meeting. 

theory.  From  this  it  follows  that  precession  and  nutations  of 
the  solid  crust,  with  the  practically  perfect  flexibility  which  it 
would  have  even  though  it  were  100  kilometers  thick  and  as 
stiff  as  steel,  would  be  sensibly  the  same  as  if  the  whole  earth 
from  surface  to  center  were  solid  and  perfectly  stiff.  Hence  pre- 
cession and  nutations  yield  nothing  to  be  said  against  such  hy- 
potheses as  that  of  Darwin,*  that  the  earth  as  a  whole  takes 
approximately  the  figure  due  to  gravity  and  centrifugal  force, 
because  of  the  fluidity  of  the  interior  and  the  flexibility  of  the 
crust.  But  alas  for  this  "attractive  sensational  idea  that  a 
molten  interior  to  the  globe  underlies  a  thin  superficial  crust; 
its  surface  agitated  by  tidal  waves  and  flowing  freely  towards 
any  issue  that  may  here  and  there  be  opened  for  its  outward 
escape,"  as  Poulett  Scrope  called  it !  the  solid  crust  would  yield 
so  freely  to  the  deforming  influence  of  sun  and  moon  that  it 
would  simply  carry  the  waters  of  the  ocean  up  and  down  with 
it,  and  there  would  be  no  sensible  tidal  rise  and  fall  of  water 
relativelv  to  land. 

The  state  of  the  case  is  shortly  this: — The  hypothesis  of  a 
perfectly  rigid  crust  containing  liquid  violates  pnysics  by  as- 
suming preternaturally  rigid  matter  and  violates  dynamical  as- 
tronomy in  the  solar  semi-annual  and  lunar  fortnightly  nuta- 
tions ;  out  tidal  theory  has  nothing  to  say  against  it  On  the 
other  hand  the  tides  decide  against  any  crust  flexible  enough  to 
perform  the  nutations  correctly  with  a  liquid  interior,  or  as 
flexible  as  the  crust  must  be  unless  of  preternaturally  rigid 
matter. 

But  now  thrice  to  slay  the  slain  ;  suppose  the  earth  this  mo- 
ment to  be  a  thin  crust  of  rock  or  metal  resting  on  liquid  mat- 
ter. Its  equilibrium  would  be  unstable!  And  what  of  the 
upheavals  and  subsidences?  They  would  be  strikingly  anal- 
ogous to  those  of  a  ship  which  has  been  rammed:  one  por- 
tion of  crust  up  and  another  down,  and  then  all  down.  I  may 
say  with  almost  perfect  certainty,  that,  whatever  may  be  the 
relative  densities  of  rock,  solid  and  melted,  at  or  about  the 
temperature  of  liquifaction,  it  is,  I  think,  quite  certain  that  cold 
solid  rock  is  denser  than  hot  melted  rock :  and  no  possible 
degree  of  rigidity  in  the  crust  could  prevent  it  from  breaking  in 

f)ieces  and  sinking  wholly  below  the  liquid  lava.  Something 
ike  this  may  have  gone  on  and  probably  did  go  on  for  tlious- 
ands  of  years  after  solidification  commenced  ;  surface  portions 
of  the  melted  material  losing  heat,  freezing,  sinking  immediately, 
or  growing  to  thicknesses  of  a  few  meters  when  the  surface 
would  be  cool  and  the  whole  solid  dense  enough  to  sink.     "This 

♦  '*  Observations  on  the  Parallel  Roads  of  Glen  Roy  and  other  Parts  of  LochA- 
ber  in  Scotland,  with  an  attempt  to  prove  that  they  are  of  Marine  Origin." — Tr^M- 
actions  of  the  Royal  Society  for  Feb.,  1839,  p.  81. 
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Srocess  must  go  on  until  the  sunk  portions  of  crust  build  up 
•om  the  bottom  a  sufficie»>tly  close  ribbed  skeleton  or  frame, 
to  allow  fresh  incrustations  to  remain  bridging  across  the  now 
small  areas  of  lava,  pools  or  lakes. 

**  In  the  honey-combed  solid  and  liquid  mass  thus  formed, 
there  must  be  a  continual  tendency  for  the  liquid,  in  conse- 
quence of  its  less  specific  gravity,  to  work  its  way  up  ;  whether 
by  masses  of  solid  tailing  from  the  roofs  of  vesicles  or  tunnels, 
and  causing  earthquake  shocks,  or  by  the  roof  breaking  quite 
through  when  very  thin,  so  as  to  cause  two  such  hollows  to 
unite  or  the  liquid  of  any  of  them  to  flow  out  freely  over  the 
outer  surface  of  the  earth  ;  or  by  gradual  subsidence  of  the 
solid  owing  to  the  thermodynamic  melting,  which  portions  of 
it  under  intense  stress  must  experience  according  to  my  broth- 
er's theory.  The  results  which  must  follow  from  this  tendency 
seem  sufficiently  great  and  various  to  account  for  all  that  we 
leaiii  from  geological  evidence  of  earthquakes,  of  upheavals 
and  subsidences  of  solid,  and  of  eruptions  of  melted  rock."* 

Leaving  altogether  now  the  hypothesis  of  a  hollow  shell 
filled  with  liquid,  we  must  still  face  the  question,  how  much 
does  the  eartn,  solid  throughout,  except  small  cavities  or  vesi- 
cles filled  with  liquid,  yield  to  the  deforming  (or  tide-genera- 
ting) influences  of  sun  and  moon  ?  This  question  can  only  be 
answered  by  observation.  A  single  infinitely  accurate  spirit- 
level  or  plummet  far  enough  awav  from  the  sea  to  be  not  sensi- 
bly affected  by  the  attraction  or  the  rising  and  falling  water 
would  enable  us  to  find  the  answer.  Observe  by  level  or  plum- 
met the  changes  of  direction  of  apparent  gravity  relatively  to 
an  object  rigidly  connected  with  the  earth,  and  compare  these 
changes  with  what  they  would  be  were  the  earth  perfectly 
rigid,  according  to  the  known  masses  and  distances  of  sun  and 
moon.  The  discrepance,  if  any  is  found,  would  show  distor- 
tion of  the  earth  and  would  aftbrd  data  for  determining  the 
dimensions  of  the  elliptic  spheroid  into  which  a  non-rotating 
globular  mass  of  the  same  dimensions  and  elasticity  as  the 
earth  would  be  distorted  by  centrifugal  force  if  set  in  rotation, 
or  by  the  tide-generating  influence  of  sun  or  moon.  The  effect 
on  the  plumb-line  of  the  lunar  tide-generating  influence  is  to 
deflect  it  towards  or  from  the  point  of  the  horizon  nearest  to 
the  moon,  according  as  the  moon  is  above  or  below  the  hori- 
zon. The  effect  is  zero  when  the  moon  is  on  the  horizon  or 
overhead,  and  is  greatest  in  either  direction  when  the  moon  is 
45**  above  or  below  the  horizon.  When  this  greatest  value  is 
reached,  the  plummet  is  drawn  from  its  mean  position  through 

♦  "  Secular  Cooling  of  the  Earth,"     Transactions  of  the  Royal  Society  of  Ed- 
inburgh, 1862  (W.  Thomson),  and  Thomson  and  Tait'a  "Natural   Philosophy," 
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a  space  equal  to  T7irirVTmr  of  the  length  of  the  thread.  No 
ordinary  plummet  or  spirit-level  could  give  any  perceptible 
indication  whatever  of  this  etfect;  and  to  measure  its  amount 
it  would  be  necessary  to  be  able  to  observe  angles  as  small  as 
T3r^r«rl^TyITTrT>  of  the  radius,  or  about  ^hf"-  Siemens'  beautiful 
hydrostatical  multiplying  level  may  probably  supply  the  means 
for  doing  this.  Otherwise  at  present  no  apparatus  exists  within 
small  compass  by  which  it  could  be  done.  A  submerged  water- 
pipe  of  considerable  length,  say  twelve  kilometers,  with  its  two 
ends  turned  up  and  open  might  answer.  Suppose,  forexample, 
the  tube  to  lie  North  and  South,  and  its  two  ends  to  open  into 
two  small  cisterns,  one  of  them,  the  southern,  for  example,  of 
half  a  decimeter  diameter  (to  escape  disturbance  from  capillary 
attraction) :  and  the  other  of  two  or  three  decimeters  diameter 
(so  as  to  throw  nearly  the  whole  rise  and  fall  into  the  smaller 
cistern).  For  simplicitv  suppose  the  time  of  observation  to 
be  when  the  moon's  declination  is  zero.  The  water  in  the 
smaller  or  southern  cistern  will  rise  from  its  lowest  position  to 
its  highest  position  while  the  moon  is  rising  to  maximum  alti- 
tude, and  fall  again  after  the  moon  crosses  the  meridian  till  she 
sets :  and  it  will  rise  and  fall  again  through  the  same  range 
from  moonset  to  moonrisa  If  the  earth  were  perfectly  rigid, 
and  if  the  locality  were  in  latitude  45°,  the  rise  and  fall  would  be 
half  a  millimeter  on  each  side  of  the  mean  level ;  or  a  little  short 
of  half  a  millimeter  if  the  place  is  within  10°  north  or  south  of 
latitude  46°.  If  the  air  were  so  absolutely  quiescent  during  the 
observations  as  to  give  no  varying  differential  pressure  on  the 
two  water  surfaces  to  the  amount  of  y^  millimetre  of  water,  or 
ttW  of  mercury,  the  observation  would  be  satisfactorily  practi- 
cable, as  it  would  not  be  difficult  by  aid  of  a  microscope  to  ob- 
serve the  rise  and  fall  of  the  water  in  the  smaller  cistern  to 
-rJi^  of  a  millimeter;  but  no  such  quiCvScence  of  the  atmosphere 
could  be  expected  at  any  time,  and  it  is  probable  that  the  varia- 
tions of  the  water-level  due  to  difference  of  the  barometric  pres- 
sure at  the  two  ends  would  in  all  ordinary  weather  quite  over- 
Eowerthe  small  effect  of  the  lunar  tide-generating  motive.  If, 
owever,  the  two  cisterns  instead  of  being  open  to  the  atmos- 
phere were  connected  air-tightly  by  a  return  pipe  with  no  water 
in  it,  it  is  probable  that  the  observation  might  be  successfully 
made :  but  Siemens'  level  or  some  other  apparatus  on  simi- 
larly small  scale  would  probably  be  preferable  to  any  elaborate 
method  of  obtaining  the  result  by  aid  of  very  long  pipes  laid  in 
the  ground  ;  and  I  have  only  called  your  attention  to  such  aa 
ideal  method  as  leading  up  to  the  natuml  phenomenon  of  tides. 
Tides  in  an  open  canal  or  lake  of  twelve  kilometers  length 
would  be  of  just  the  amount  which  we  have  estimated  for  the 
cisterns  connected  by  submerged   pipe ;  but  would   be  enor- 
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mously  more  disturbed  by  wind  and  variations  of  atmospheric 

Sressure.  A  canal  or  lake  of  240  kilometers  length,  in  a  proper 
ircction  in  a  suitable  locality,  would  give  but  ten  millimeters 
rise  and  fall  at  each  end,  an  effect  which  might  probably  be  ana- 
lyzed out  of  the  much  greater  disturbance  produced  by  wind 
and  differences  of  barometric  pressure  ;  but  no  open  liquid  level 
short  of  the  ingens  cequor,  the  ocean,  will  probably  be  found  so 
well  adapted  as  it  for  measuring  the  absolute  value  of  the  dis- 
turbance produced  on  terrestrial  gravity  by  the  lunar  and  solar 
tide-generating  motive.  But  observations  of  the  diurnal  and 
semi-diurnal  tides  in  the  ocean,  do  not  (as  they  would  on  smaller 
and  quicker  levels)  suflBce  for  this  purpose,  because  their 
amounts  differ  enormously  from  the  equilibrium  values  on  ac- 
count of  the  smallness  of  their  periods  in  comparison  with  the 
periods  of  any  of  the  grave  enough  modes  of  free  vibration  of 
the  ocean  as  a  whola  On  the  other  hand  the  lunar  fortnightly 
declinational  and  the  lunar  monthly  elliptic  and  the  solar  semi- 
annual and  annual  elliptic  tides  have  their  periods  so  long  that 
their  amounts  must  certainly  be  very  approximately  equal  to 
the  equilibrium  values. 

But  there  are  large  annual  and  semiannual  changes  of  sea- 
level,  probably  both  differential  on  account  of  wind  and  differ- 
ences of  barometric  pressure  and  differences  of  temperature  of 
the  water,  and  absolute  depending  on  rain-fall  and  the  melting 
away  of  snow  and  return  evaporation,  which  altogether  swamp 
the  small  semi-annual  and  annual  tides  due  to  the  sun's  attrac- 
tion. Happily,  however,  for  our  object  there  is  no  meteorologi- 
cal or  other  disturbing  cause  which  produces  periodic  changes 
of  sea-level  in  either  the  fortnightly  declinational  or  the  monthly 
elliptic  period;  and  the  lunar  gravitational  tides  in  these  peri- 
ods are  therefore  to  be  carefully  investigated  in  order  that  we 
may  obtain  the  answer  to  the  interesting  question,  how  much 
does  the  earth  as  an  elastic  spheroid  yield  to  the  tide-generat- 
ing influence  of  sun  or  moon  /  Hitherto  in  the  British  Asso- 
ciation Committee's  reductions  of  Tidal  Observations  we  have 
not  succeeded  in  obtaining  any  trustworthy  indications  of 
either  of  these  tides.  The  St  George's  pier  landing-stage  pon- 
toon was  unhappily  chosen,  for  the  Liverpool  tide  gauge  cannot 
be  trusted  for  so  delicate  an  investigation  ;  the  available  funds 
for  calculation  were  expended  before  the  long-period  tides  for 
Helbre  Island  could  be  attacked,  and  three  years  of  Kurrachee 
gave  our  only  approach  to  a  result.  Comparisons  of  this,  with 
an  indication  of  a  result  with  calculations  on  West  Hartlepool 
tides,  conducted  with  the  assistance  of  a  grant  from  the  Royal 
Society,  seem  to  show  possibly  no  sensible  yielding,  or  perhaps, 
more  probably  some  degree  of  yielding,  of  the  earth's  figure. 
The  absence  from  all  the  results  of  any  indication  of  a  18*6 
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yearly  tide  (according  to  the  same  law  a8  the  other  long-period 
tides)  is  not  easily  explained  without  assuming  or  admitting  a 
considerable  degree  of  yielding. 

Closely  connected  with  the  question  of  the  earth's  rigidity, 
and  of  as  great  scientific  interest  and  even  of  greater  practical 
moment,  is  the  question — how  nearly  accurate  is  the  earth  as  a 
time-keeper?  and  another  of,  at  all  events,  equal  scientific 
interest — how  about  the  permanence  of  the  earth's  axis  of  rota- 
tion? 

Peters  and  Maxwell,  about  thirty-five  and  twenty-five  yeara 
ago,  separately  raised  the  question,  how  much  does  the  earth's 
axis  of  rotation  deviate  from  being  a  principal  axis  of  inertia? 
and  pointed  out  that  an  answer  to  this  question  is  to  be  ob- 
tained by  looking  for  a  variation  in  latitude  of  any  or  every 
place  on  the  earth's  surface  in  a  period  of  306  days.  The 
model  before  you  illustrates  the  travelling  round  of  the  instan- 
taneous axis  relatively  to  the  earth  in  an  approximately  circular 
cone  whose  axis  is  the  principal  axis  of  inertia,  and  relatively 
to  space  in  a  cone  round  a  fixed  axis.  In  the  model,  the 
former  of  these  cones,  fixed  relatively  to  the  earth,  rolls  inter- 
nally on  the  latter,  supposed  to  be  fixed  in  space.  Peters  gave 
a  mmute  investigation  of  observations  at  Pulkova  in  the  years 
1841-42,  which  seemed  to  indicate  at  that  time  a  deviation 
amounting  to  about  j^/'  of  the  axis  of  rotation  from  the  princi- 
pal axis.  Maxwell,  from  Greenwich  observations  of  the  years 
1851-1864,  found  seeming  indications  of  a  very  slight  devia- 
tion— something  less  than  half  a  second — but  differing  alto- 
f ether  in  phase  from  that  which  the  deviation  indicated  by 
^eters,  if  real  and  permanent,  would  have  produced  at  Max- 
well's later  time.  On  my  begging  Prof.  Newcomb  to  take  up 
the  subject,  he  kindly  did  so  at  once,  and  undertook  to  analyze 
a  series  of  observations  suitable  for  the  purpose,  wliich  had 
been  made  in  the  United  States  Naval  Observatory,  Washing- 
ton. A  few  weeks  later  I  received  from  him  a  letter  referring 
me  to  a  paper  by  Dr.  Nysen,  of  Pulkova  Observatory,  in  which 
a  similar  negative  conclusion  as  to  constancy  of  magnitude  or 
direction  in  the  deviation  sought  for  is  arrived  at  from  several 
series  of  the  Pulkova  observations  between  the  years  1842  and 
1872,  and  containing  the  following  statement  of  his  conclu- 
sions : — 

*'The  investigation  of  the  ten  month  period  of  latitude  from 
the  Washington  prime  vertical  observations  from  1862  to  1867  is 
completed,  indicating  a  coefficient  too  small  to  be  measured 
with  certaint3^  The  declinations  with  this  instrument  are  sub 
ject  to  an  annual  period  which  made  it  necessary  to  discuss  those 
of  each  month  separately.  As  the  series  extended  through  a 
full  five  years,  each  month  thus  fell  on  five  nearly  equidistant 
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points  of  the  period.  If  x  and  y  represent  the  co-ordinates  of 
the  axis  of  instantaneous  rotation  on  June  80,  18()4,  then  the 
observations  of  the  separate  months  gave  the  following  values  of 
X  and  y : — 
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Accepting  these  results  as  real  they  would  indicate  a  radius 
of  rotation  of  the  instantaneous  axis  amounting,  at  the  earth's 
surface,  to  5  feet  and  a  longitude  of  the  point  in  which  this  axis 
intersects  the  earth's  surface  near  the  north  pole  such  that  on 
July  11,  1864,  it  was  ISO'  from  Washington,  or  103°  east  of 
Greenwich.  The  excess  of  the  co-efficient  over  its  probable 
error  is  so  slight  that  this  result  cannot  be  accepted  as  any- 
thing more  than  a  consequence  of  the  unavoidable  errors  of 
observation." 

From  the  discordant  character  of  these  results  we  must  not, 
however,  infer  that  the  deviations  indicated  by  Peters,  Maxwell, 
and  Newcomb  are  unreal.  On  the  contrary,  any  that  fall  within 
the  limits  of  probable  error  of  the  observations  ought  properly 
to  be  regarded  as  real.  There  is  in  fact  a  vera  causa  in  the  tem- 
porary changes  of  sea-level  due  to  meteorological  causes,  chiefly 
winds,  and  to  meltings  of  ice  in  the  polar  regions  and  return 
evaporations,  which  seems  amply  sufficient  to  account  for  irreg- 
ular deviations  of  from  i''  to  Vs''^^  ^^^  earth's  instantaneous 
axis  from  the  axis  of  maximum  inertia,  or,  as  I  ought  rather  to 
sa3%  of  the  axis  of  maximum  inertia  from  the  instantaneous 
axis. 

As  for  geological  upheavals  and  subsidences,  if  on  a  very  large 
scale  of  area,  they  must  produce,  on  the  period  and  axis  of  the 
earth's  rotation,  effects  comparable  with  those  produced  by 
changes  of  sea-level  equal  to  them  in  vertical  amount  For 
simplicity,  calculating  as  if  the  earth  were  of  equal  density 
throughout,  I  find  that  an  upheaval  of  all  the  earth  s  surface  in 
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north  latitude  and  east  longitude,  and  south  latitude  and  west 
longitude,  with  equal  depressions  in  the  other  two  quarters, 
amounting  at  greatest  to  10  centimeters,  and  graduating  regu- 
larly from  the  points  of  maximum  elevation  to  the  points  of 
maximum  depression  in  the  middles  of  the  four  quarters,  would 
shift  the  earth's  axis  of  maximum  moment  of  inertia  through 
1"  on  the  north  side  towards  the  meridian  of  90°  W.  longitude, 
and  on  the  south  side  towards  the  meridian  of  90°  E.  longitude. 
If  such  a  change  were  to  take  place  suddenly,  the  earth's  in- 
stantaneous axis  would  experience  a  sudden  shifting  of  but  55/' 
(which  we  may  neglect)  and  then,  relatively  to  the  earth,  would 
commence  traveling,  in  a  period  of  306  days,  round  the  fresh 
axis  of  maximum  moment  of  inertia.  The  sea  would  be  set 
into  vibration,  one  ocean  up  and  another  down  through  a  few 
centimeters,  like  water  in  a  bath  set  aswing.  The  period  of 
these  vibrations  would  be  from  twelve  to  twenty-four  hours,  or 
at  most  a  day  or  two ;  their  subsidence  would  probably  l>e  so 
rapid  that  after  at  most  a  few  months  they  would  become  insen- 
sible. Then  a  regular  306  days'  period  tide  of  11  centimeters 
from  lowest  to  highest  would  be  to  be  observed,  with  gradually 
diminishing  amount  from  century  to  century,  as  though  the 
dissipation  of  energy  produced  by  this  tide,  the  instantaneous 
axis  of  the  earth  is  gradually  brought  into  coincidence  with  the 
fresh  axis  of  maximum  moment  of  inertia.  If  we  multiply 
these  figures  by  3,600,  we  find  what  would  be  the  result  of  a 
similar  sudden  upheaval  and  subsidence  of  the  earth  to  the  ex- 
tent of  360  meters  above  and  below  previous  levels.  It  is  not 
impossible  that  in  the  very  early  ages  of  geological  history  such 
an  action  as  this,  and  the  consequent  400  meters  tide  prociucing 
a  succession  of  deluges  every  306  days  for  many  years  may 
have  taken  place :  but  it  seems  more  probable  that  even  in  the 
most  ancient  times  of  geological  histx)ry  the  great  world-wide 
changes,  such  as  the  upheavals  of  the  continents  and  subsi- 
dences of  the  ocean  beds  from  the  general  level  of  their  sup- 
posed molten  origin,  took  place  gradually  through  the  thermo- 
dynamic melting  of  solids  and  the  squeezing  out  of  liquid  lava 
from  the  interior  to  which  I  have  alreadv  referred.  A  slow 
distortion  of  the  earth  as  a  whole  would  never  produce  any 
great  angular  separation  between  the  instantaneous  axis  and 
axis  of  maximum  moment  of  inertia  for  the  time  being.  Con- 
sidering, then,  the  great  facts  of  the  Himalayas  and  Andes,  and 
Africa  and  the  depths  of  the  Atlantic,  and  America  and  the 
depths  of  the  Pacific,  and  Australia,  and  considering  further 
the  ellipticity  of  the  equatorial  section  of  the  sea-level  estimated 
by  Capt  Clarke  at  about  j\  of  the  mean  ellipticity  of  meri- 
dianal  sections  of  the  sea-level,  we  need  no  brush  from  the 
comet  s  tail,  a  wholly  chimerical  cause  which  can  never  have 
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been  put  forward  seriously  except  in  ignorance  of  elementary 
dynamical  principles,  to  account  for  a  change  in  the  earth's" 
axis  ;  we  need  no  violent  convulsion  producing  a  sudden  distor- 
tion on  a  great  scale  with  change  of  the  axis  of  maximum 
moment  of  inertia  followed  by  gigantic  deluges ;  and  we  may 
not  merely  admit,  but  assert  as  highly  probable,  that  the  axis 
of  maximum  inertia  and  axis  of  rotation,  always  very  near  one 
another,  may  have  been  in  ancient  times  very  far  from  their 
present  geographical  position,  and  may  have  gradually  shifted 
through  ten,  twenty,  thirty,  forty,  or  more  degrees  without,  at 
any  time,  any  perceptible  sudden  disturbance  of  either  land  or 
water. 

Lastly,  as  to  variations  in  the  earth's  rotational  period : — 
You  all,  no  doubt,  know  how  in  1853  Adams  discovered  a  cor- 
rection to  be  needed  in  the  theoretical  calculation  with  which 
Laplace  followed  up  his  brilliant  discovery  of  the  dynamical 
explanation  of  an  apparent  acceleration  of  the  moon's  mean 
motion,  shown  by  records  of  ancient  eclipses  :  and  how  he  found 
that  when  his  correction  was  applied,  the  dynamical  theory  of 
the  moon's  motion  accounted  for  only  about  half  of  the  observed 
apparent  acceleration;  and  how  Delauney  in  1866  verified 
Adams's  result,  and  suggested  that  the  explanation  may  be  a 
retardation  of  the  earth's  rotation  by  tidal  friction.  The  conclu- 
sion is  that  since  March  19,  721  B.  C,  a  day  on  which  an  eclipse 
of  the  moon  was  seen  in  Babylon,  commencing  "  when  one  hour 
after  her  rising  was  fully  passed,"  the  earth  has  lost  rather  more 
than  jsj liriT  of  licr  rotational  velocity,  or  as  a  timekeeper,  is 
going  slower  by  11^  seconds  per  annum  now  than  then.  Accord- 
ing to  this  rate  of  retardation,  if  uniform,  the  earth  at  the  end  of  a 
century  would,  as  a  timekeeper,  be  found  22  seconds  behind  a 
perfect  clock,  rated  and  set  to  agree  with  her  at  the  beginning 
of  the  century.  Newcomb's  subsequent  investigations  in  the 
lunar  theory  have  on  the  whole  tended  to  confirm  this  result, 
but  they  have  also  brought  to  light  some  remarkable  apparent 
irregularities  in  the  moon's  motion,  which,  if  real,  refuse  to  be 
accounted  for  by  the  gravitational  theory  without  the  influence 
of  some  unseen  body  or  bodies  passing  near  enough  to  the 
moon  to  influence  her  mean  motion.  This  hypothesis  New- 
comb  considers  not  so  probable  as  that  the  apparent  irregu- 
larities of  the  moon  are  not  real  and  are  to  be  accounted  for 
by  irregularities  in  the  earth's  rotational  velocity.  If  this  is  the 
true  explanation  it  seems  that  the  earth  was  going  slow  from 
1860  to  1862,  so  much  as  to  have  got  behind  7  seconds  in  these 
12  years,  and  then  to  have  begun  going  faster  again  so  as  to 
gain  8  seconds  from  1862  to  1872.  So  great  an  irregularity  as 
this  would  require  somewhat  greater  changes  of  sea-level,  but 
not  many  times  greater,  than  the  British  Association  Commitr 
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tee's  reductions  of  tidal  observations  for  several  places  in  differ- 
ent parts  of  the  world,  allow  us  to  admit  to  have  possibly  taken 
place.  The  assumption  of  a  fluid  interior,  which  Newcomb 
suggests,  and  the  flow  of  a  large  mass  of  the  fluid  **  from  equato- 
rial regions  to  a  position  nearer  the  axis,"  is  not,  from  wnat  I 
have  said  to  you,  admissible  as  a  probable  explanation  of  the 
remarkable  acceleration  of  rotational  velocity  which  seems  to 
have  taken  place  about  1862  ;  but  happily  it  is  not  necessary. 
A  settlement  of  14  centimeters  in  the  equatorial  regions  with 
corresponding  rise  of  28  centimeters  at  the  poles,  which  is  so 
sli^htas  to  be  absolutely  undiscoverable  in  astronomical  observa- 
tones,  and  which  would  involve  no  change  of  sea-level  abso- 
lutely disproved  by  reductions  of  tidal  observations  hitherto 
made  would  suffice.  Such  settlements  must  occur  from  time  to 
time ;  and  a  settlement  of  the  amount  suggested  might  result 
from  the  diminution  of  centrifugal  force  due  to  150  or  200  cen- 
turies*  tidal  retardation  of  the  earth's  rotational  speed. 
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Abt.  LXn. — Address  at  the  Olasgow  Meeting  of  the  British  Asso- 
ciation, by  Alfred  Eussel  Wallace,  President  of  the  Sec- 
tion of  Biology. 

Introduction, 

The  range  of  subjects  comprehended  within  this  Section  is 
so  wide,  and  my  own  acquaintance  with  them  so  imperfect  and 
fragmentary,  that  it  is  not  in  my  power  to  lay  before  you  any 

eneral  outline  of  the  recent  progress  of  the  biological  sciences. 

'either  do  I  feel  competent  to  give  you  a  summary  of  the  present 
status  of  any  one  of  the  great  divisions  of  our  science — such  as 
Anatomy,  Physiology,  Embryology,  Histology,  Classification, 
or  Evolution — Philology,  Ethnology,  or  Prehistoric  Archaeol- 
ogy 5  hut  there  are  fortunately  several  outlying  and  more  or  less 
neglected  subjects  to  which  I  have  for  some  time  had  my  atten- 
tion directed,  and  which  I  hope  will  furnish  matter  for  a  few 
observations,  of  some  interest  to  biologists,  and  at  the  same  time 
not  unintelligible  to  the  less  scientific  members  of  the  Associa- 
tion who  may  honor  us  with  their  presence. 

The  subjects  I  first  propose  to  consider  have  no  general  name, 
and  are  not  easily  grouped  under  a  single  descriptive  heading; 
but  they  may  be  compared  with  that  recent  development  of  a 
sister-science,  which  has  been  termed  Surface- geology,  or  Earth- 
sculpture.  In  the  older  geological  works  we  learnt  much  about 
strata,  and  rocks,  and  fossils,  their  superposition,  contortions, 
chemical  constitution,  and  aflSnities,  with  some  general  notions 
of  how  they  are  formed  in  the  remote  past ;  but  we  oflen  came 
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to  the  end  of  the  volume  no  whit  the  wiser  as  to  how  and  why 
the  surface  of  the  earth  came  to  be  so  wonderfully  and  beauti- 
fully diversified ;  we  were  not  told  why  some  mountains  are 
rounded  and  others  precipitous ;  why  some  valleys  are  wide  and 
open,  others  narrow  ana  rocky ;  why  rivers  so  often  pierce 
through  mountain-chains;  why  mountain  lakes  are  often  so 
enormously  deep  ;  whence  came  the  gravel,  and  drift,  and  erratic 
blocks,  so  strangely  spread  over  wide  areas  while  totally  absent 
from  the  other  areas  equally  extensive.  So  long  as  these  Ques- 
tions were  almost  ignored,  geology  could  hardly  claim  to  oe  a 
complete  science,  because,  while  professing  to  explain  how  the 
crust  of  the  earth  came  to  be  what  it  is,  it  gave  no  intelligible 
account  of  the  varied  phenomena  presented  by  its  surfaca 
But  of  late  years  these  surface-phenomena  have  been  assidu- 
ously studied  ;  the  marvellous  efirects  of  denudation  and  glacial 
action  in  giving  the  final  touches  to  the  actual  contour  of  the 
earth's  surface,  and  their  relation  to  climatic  changes  and  the 
antiquity  of  man,  have  been  clearly  traced,  thus  investing 
geology  with  a  new  and  popular  interest,  and  at  the  same  time 
elucidating  many  of  the  phenomena  presented  in  the  older  for- 
mations. 

Now,  just  as  a  surface-geology  was  required  to  complete  that 
science,  so  a  surface-biology  was  wanted  to  make  the  science  of 
living  things  more  complete  and  more  generally  interesting,  by 
applying  the  results  arrived  at  by  special  workers,  to  the  inter- 
pretation of  those  external  and  prominent  features  whose  endless 
variety  and  beauty  constitute  tne  charm  which  attracts  us  to  the 
contemplation  or  to  the  study  of  nature.  We  have  the  descrip- 
tive zoologist,  for  example,  who  gives  us  the  external  characters 
of  animals  ;  the  anatomist  studies  their  internal  structure  ;  the 
histologist  makes  known  the  nature  of  their  component  tissues  ; 
the  embryologist  patiently  watches  the  progress  oi  their  develop- 
ment; the  systematist  groups  them  into  classes  and  orders, 
families,  genera,  and  species ;  while  the  field-naturalist  studies 
for  us  their  food  and  habits  and  general  economy.  But  till 
quite  recently,  none  of  these  earnest  students,  nor  all  of  them 
combined,  could  answer  satisfactorily,  or  ever  attempted  to 
answer,  many  of  the  simplest  qnestions  concerning  the  external 
characters  and  general  relations  of  animals  and  plants.  Why  are 
flowers  so  wonderfully  varied  in  form  and  color  ?  What  causes 
the  Arctic  fox  and  the  ptarmigan  to  turn  white  in  winter?  Why 
are  there  no  elephants  in  America  and  no  deer  in  Australia? 
Why  are  closely  allied  species  rarely  found  together?  Why  are 
male  animals  so  frequently  bright  colored  ?  Why  are  extinct 
animals  so  often  larger  than  those  which  are  now  living?  What 
has  led  to  the  production  of  the  gorgeous  train  of  the  peacock 
and  of  the  two  kinds  of  flower  in  the  primrose?    The  solution 
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of  these  and  a  hundred  other  problems  of  like  nature,  was  rarely 
approached  by  the  old  method  of  study,  or  if  approached  was 
only  the  subject  of  vague  speculation.  It  is  to  the  illustrious 
author  of  the  "  Origin  of  Species  "  that  we  are  indebted,  for 
teaching  us  how  to  study  nature  as  one  great,  compact,  and 
beautifully  adjusted  system.  Under  the  touch  of  his  magic 
wand  the  countless  isolated  facts  of  internal  and  external  struc- 
ture of  living  things — their  hiabits,  their  colors,  their  develop- 
ment, their  distribution,  their  geological  history, — ^all  fell  into 
their  approximate  places ;  and  although,  from  the  intricacy  of 
the  subject  and  our  very  imperfect  knowledge  of  the  facts  them- 
selves, much  still  remains  uncertain ;  yet  we  can  no  longer 
doubt  that  even  the  minutest  and  most  superficial  peculiarities 
of  animals  and  plants  either,  on  the  one  hand,  are  or  have  been 
useful  to  them,  or,  on  the  other  hand,  have  been  developed  un- 
der the  influence  of  general  laws,  which  we  may  one  day  under- 
stand to  a  much  greater  extent  than  we  do  at  present  So  great 
is  the  alteration  effe<;ted  in  our  comprehension  of  nature  by  the 
study  of  variation,  inheritance,  cross-breeding,  competition,  dis- 
tribution, protection,  and  selection — showing,  as  they  often  do, 
the  meaning  of  the  most  obscure  phenomena,  and  the  mutual 
dependence  of  the  most  widely -separated  organisms,  that  it  can 
only  be  fitly  compared  with  the  analogous  alteration  produced 
in  our  conception  of  the  universe  by  Newton's  grand  aiscovery 
of  the  law  or  gravitation. 

I  know  it  will  be  said  (and  is  said),  that  Darwin  is  too  highly 
rated  ;  that  some  of  his  theories  are  wholly  and  others  partially 
erroneous,  and  that  he  often  builds  a  vast  superstructure  on  a 
very  uncertain  basis  of  doubtfully  interpreted  facts.  Now, 
even  admitting  this  criticism  to  be  well  founded-  -and  I  myself 
believe  that  to  a  limited  extent  it  is  so — I  nevertheless  maintain 
that  Darwin  is  not  and  cannot  be  too  highly  rated.  For  his 
greatness  does  not  all  depend  upon  his  being  infallible,  but  on 
his  having  developed,  with  rare  patience  and  judgment,  a  new 
system  of  observation  and  study,  guided  by  certain  general 
principles  which  are  almost  as  simple  as  gravitation,  and  as 
wide-reaching  in  their  effects.  And  if  other  principles  should 
hereafter  be  discovered,  or  if  it  be  proved  that  some  of  his  sub- 
sidiary theories  are  wholly  or  partially  erroneous,  this  very 
discovery  can  only  be  made  by  following  in  Darwin's  steps,  by 
adopting  the  method  of  research  which  he  has  taught  us,  and 
by  largely  using  the  rich  stores  of  material  which  he  has  col- 
lected. The  **  Origin  of  Species,''  and  the  grand  series  of  works 
which  have  succeeded  it,  have  revolutionized  the  study  of  biol- 
ogy. They  have  given  us  new  ideas  and  fertile  principles. 
They  have  infused  life  and  vigor  into  our  science,  and  have 
opened  up  hitherto  unthought  of  lines  of  research  on  which 
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hundreds  of  eager  students  are  now  laboring.  Whatever  modi- 
fications some  of  his  theories  may  require,  Darwin  must  none 
the  less  be  looked  up  to  as  the  founder  of  philosophical  biology. 
As  a  small  contribution  to  this  great  subject,  1  propose  now 
to  call  your  attention  to  some  curious  relations  of  organisms  to 
their  environment,  which  seem  to  me  worthy  of  more  systematic 
study  than  has  hitherto  been  giv.en  them.  The  points  I  shall 
more  especially  deal  with  are — the  influence  of  localitv,  or  of 
some  unknown  local  causes,  in  determining  the  colors  oi  insects 
and,  to  a  less  extent,  of  birds :  and  the  way  in  which  certain 
peculiarities  in  the  distribution  of  plants  may  have  been  brought 
about  by  their  dependence  on  insects.  The  latter  part  of  my 
address  will  deal  with  the  present  state  of  our  knowledge  as  to 
the  antiquity  and  early  history  of  mankind. 

2.   On  some  Relations  of  Living  Things  to  their  Environment 

Of  all  the  external  characters  of  animals,  the  most  beautiful, 
the  most  varied,  and  the  most  generally  attractive,  are  the  bril- 
liant colors  and  strange  vet  often  elegant  markings  with  which 
so  many  of  them  are  aaorned.  Yet,  of  all  characters,  this  is 
the  most  difficult  to  bring  under  the  laws  of  utility  or  of  physical 
connection.  Mr.  Darwin — as  you  are  well  aware — has  snown 
how  wide  is  the  influence  of  sex  on  the  intensity  of  coloration  ; 
and  he  has  been  led  to  the  conclusion  that  active  or  voluntary 
sexual  selection  is  one  of  the  chief  causes,  if  not  the  chief  cause, 
of  all  the  variety  and  beauty  of  color  we  see  among  the  higher 
animals.  This  is  one  of  the  points  on  which  there  is  much 
divergence  of  opinion  even  among  the  supporters  of  Mr.  Darwin, 
and  one  as  to  which  I  myself  differ  from  him.  I  have  argued, 
and  still  believe,  that  the  need  of  protection  is  a  far  more  effi- 
cient cause  of  variation  of  color  than  is  generally  suspected  : 
but  there  are  evidently  other  causes  at  work,  and  one  of  these 
seems  to  be  an  influence  depending  strictly  on  locality,  whose 
nature  we  cannot  yet  understand,  but  whose  effects  are  every- 
where to  be  seen  when  carefully  searched  for. 

Although  the  careful  experiments  of  Sir  John  Lubbock  have 
shown  that  insects  can  distmguish  colors — as  might  have  been 
inferred  from  the  brilliant  colors  of  the  flowers  which  are  such 
an  attraction  to  ihem — -yet  we  can  hardly  believe  that  their  ap- 
preciation and  love  of  distinctive  colors  is  so  refined  as  to  guide 
and  regulate  their  most  powerful  instinct — that  of  reproduction. 
We  are  therefore  led  to  seek  some  other  cause  for  the  varied 
colors  that  prevail  among  insects ;  and  as  this  variety  is  most 
conspicuous  among  butterflies, — a  group  perhaps  better  known 
than  any  other — it  offers  the  best  means  of  studying  the  sub- 
ject The  variety  of  color  and  marking  among  these  insects  is 
something  marvellous.     There  are  probably  about  ten  thousand 
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different  kinds  of  butterflies  now  known,  and  about  half  of 
these  are  so  distinct  in  color  and  marking  that  they  can  be 
readily  distinguished  by  this  means  alone.  Almost  every  con- 
ceivable tint  and  pattern  is  represented,  and  the  hues  are  often 
of  such  intense  orilliance  and  purity  as  can  be  equalled  by 
neither  birds  nor  flowera. 

Any  help  to  a  comprehension  of  the  causes  which  may  have 
concurred  m  bringing  about  so  much  diversity  and  beauty  must 
be  of  value,  and  this  is  my  excuse  for  laying  before  you  the 
more  important  cases  I  have  met  with  of  a  connection  between 
color  ana  locality. 

Our  first  example  is  from  tropical  Africa,  where  we  find  two 
unrelated  groups  of  butterflies  belonging  to  two  very  distinct 
families  (Nymphalidae  and  Papilionidse)  characterized  by  a  pre- 
vailing blue  green  color  not  found  in  anv  other  continent.* 
Again,  we  have  a  group  of  African  Pieridse  which  are  white 
or  pale  yellow  with  a  marginal  row  of  bead-like  black  spots, 
and  in  the  same  country  one  of  the  Lycsenid©  {Lipiena  erastus) 
is  colored  so  exactly  like  these  that  it  was  at  first  described  as 
a  species  of  Pieris,  None  of  these  four  groups  are  known  to  be 
in  any  way  specially  protected  so  that  the  resemblance  cannot 
be  due  to  protective  mimicry. 

In  South  America  we  have  far  more  striking  cases.  For  in 
the  three  sub-families —  Danainse,  Acraeniae,  and  Heliconiinae — 
all  of  which  are  specially  protected,  we  find  identical  tints  and 
patterns  reproduced,  often  in  the  greatest  detail,  each  peculiar 
type  of  coloration  being  characteristic  of  distinct  geographical 
subdivisions  of  the  continent  Nine  very  distinct  genera  are 
implicated  in  these  parallel  changes — Lycorea^  Ceratmia^  Mecha- 
niiis^  Ithoniia^  Melincea,  Titharea,  Acrcea,  Heliconius^  and  Eueides 
— ^groups  of  three  or  four  (or  even  of  five)  of  them  appearing 
together  in  the  same  livery  in  one  district,  while  in  an  adjoin- 
ing district  most  or  all  of  them  undergo  a  simultaneous  change 
of  coloration  or  of  marking.  Thus  in  the  genera  lihomia.  Mecha- 
nitis,  and  Heliconius,  we  have  species  with  yellow  apical  spots  in 
Guiana,  all  represented  by  allied  species  with  white  apical  spots 
in  South  Brazil.  In  Mechamiis^  Melincea,  and  Ueliconius^  and 
sometimes  in  Tithorea^  the  species  of  the  Southern  Andes 
(Bolivia  and  Peru)  are  characterized  by  an  orange  and  black 
livery,  while  those  of  the  Northern  Andes  (New  Grenada)  are 
almost  always  orange-yellow  and  black.  Other  changes  of  a 
like  nature,  which  it  would  be  tedious  to  enumerate,  but  which 
are  very  striking  when  specimens  are  examined,  occur  in  species 
of  the  same  groups  inhabiting  these  same  localities,  as  well  as 
Central  America  and  the  Antilles.     The  resemblance  thus  pro- 

*  R(mialeoaoma  Eurypkene  (Nymphalidffl),  Papilio  zalmoxis^  uad  Beveral  speoiea 
of  the  Nk&u  group  (Papilionids). 
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duced  between  widely  different  insects  is  sometimes  general, 
but  often  so  close  and  minute  that  only  a  critical  examination 
of  structure  can  detect  the  difference  between  them.  Yet  this 
can  hardly  be  true  mimicry,  because  all  are  alike  protected  by 
the  nauseous  secretion  which  renders  them  unpalatable  to  birds. 

In  another  series  of  genera  {Catagramma^  Gallithea^  and 
Agrias\  all  belonging  to  the  Nymphalidse,  we  have  the  most 
vivid  blue  ground,  with  broad  bands  of  orange-crimson  or  a 
different  tint  of  blue  or  purple,  exactly  reproduced  in  corres- 
ponding, yet  unrelated  species,  occurring  in  the  same  locality ; 
yet,  as  none  of  these  groups  are  protected,  this  can  hardly  oe 
true  mimicry.  A  few  species  of  two  other  genera  in  the  same 
country  {Eunice  and  Siderone)  also  reproduce  the  same  colors, 
but  with  only  a  general  resemblance  in  the  marking.  Yet 
again,  in  Tropical  America  we  have  species  of  Apatura  which, 
sometimes  in  both  sexes,  sometimes  in  the  female  only,  exactly 
imitate  the  peculiar  markings  of  another  genus  {neterochroa) 
confined  to  America.  Here,  again,  neither  genus  is  protected, 
and  the  similarity  must  be  due  to  unknown  local  causea 

But  it  is  among  islands  that  we  find  some  of  the  most  strik- 
ing examples  of  the  influence  of  locality  on  color,  generally  in 
the  direction  of  paler,  but  sometimes  of  darker  and  more  bril- 
liant hues,  and  often  accompanied  by  an  unusual  increase  of 
size.  Thus,  in  the  Moluccas  and  New  Guinea  we  have  several 
Papilios  (P.  euchenoTj  P.  ormenus,  and  P.  tydeus\  distinguished 
from  their  allies  by  a  much  paler  color,  especially  in  the  fe- 
males, which  are  almost  white.  Many  species  of  Danais  (form- 
ing the  sub-genus  ledopsis)  also  very  pale.  But  the  most 
curious  are  the  Euploeas,  which,  in  the  larger  islands,  are 
usually  of  rich  dark  colors,  while  in  the  small  islands  of  Banda, 
K6,  and  Matabello  at  least  three  species  not  nearly  related  to 
each  other  {K  Hopp/eri,  E,  euripon^  and  E,  assimilaid)  are  all 
broadley  banded  or  suffused  with  white,  their  allies  in  the 
larger  islands  being  all  very  much  darker.  Again,  in  the 
genus  Dtadema,  belonging  to  a  distinct  family,  three  species 
irom  the  small  Aru  and  K^  islands  {D.  deois,  D,  UewiUomi^ 
and  D.  polymeria)  are  all  more  conspicuously  white-marked  than 
their  representatives  in  the  larger  islands.  In  the  beautiful 
genus  dthosia,  a  species  from  the  small  island  of  Waigiou  (G 
cyrene),  is  the  whitest  of  the  genus.  Prothoe  is  represented  by  a 
blue  species  in  the  continental  island  of  Java,  while  those  in- 
habiting the  ancient  insular  groups  of  the  Moluccas  and  New 
Guinea  are  all  pale  yellow  or  whita  The  genus  Driisilla^  al- 
most confined  to  these  islands,  comprises  many  species  which 
are  all  very  pale ;  while  in  the  small  island  of  Waigiou  is  found  a 
very  distinct  genus,  Hyantis,  which,  though  differing  com- 
pletely in  the  neuration  of  the  wings,  has  exactly  the  same  pale 
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colors  and  large  ocellated  spots  as  Dnmilcu  Equally  remarka- 
ble is  the  fact  that  the  small  island  of  AmboiDa  produces 
lai^ersized  butterflies  than  any  of  the  larger  islands  wnich  sur- 
round it  This  is  the  case  with  at  least  a  dozen  butterflies 
belonging  to  many  distinct  genera,*  so  that  it  is  impossible  to 
attribute  it  to  other  than  some  local  influence.  In  Celebes,  as 
I  have  elsewhere  pointed  out,t  we  have  a  peculiar  form  of  wing 
and  much  larger  size  running  through  a  whole  series  of  distinct 
butterflies,  and  this  seems  to  take  tne  place  of  any  specialty  in 
color. 

From  the  Fiji  Islands  we  have  comparatively  few  butterflies, 
but  there  are  several  species  of  Diadema  of  unusually  pale  colors, 
some  almost  white. 

The  Philipine  Islands  seem  to  have  the  peculiarity  of  devel- 
oping metallic  colors.  We  find  there  at  least  three  species  of 
EupiosaX  not  closely  related,  and  all  of  more  intense  metallic 
luster  than  their  allies  in  other  islands.  Here  also  we  have  one 
of  the  large  yellow  Ornithopterae  (0.  Magcllanus\  whose  hind 
wings  glow  with  an  intense  opaline  luster  not  found  in  any 
other  species  of  the  entire  group ;  and  an  Adolia^  is  larger  and 
of  more  brilliant  metallic  coloring  than  any  other  species  in  the 
Archipelago.  In  these  islands  also  we  find  the  extensive  and 
wonderful  genus  of  weevils,  PadiyrhynchuSy  which  in  their  bril- 
liant metallic  coloring  surpass  anything  found  in  the  whole 
eastern  hemisphere,  if  not  in  the  whole  world. 

In  the  Andaman  Islands,  in  the  Bay  of  Bengal,  there  are  a 
considerable  number  of  peculiar  species  of  butterflies  difiering 
slightly  from  those  on  the  continent,  and  generally  in  the  direc- 
tion of  paler  or  more  conspicuous  coloring.  Thus,  two  species 
of  Papicw,  which  on  the  continent  have  the  tails  black,  in  their 
Andaman  representatives  have  them  either  red  or  white-tipped.| 
Another  species**  is  richly  blue-banded  where  its  allies  are 
black;  while  three  species  of  distinct  genera  of  Nymphalidaeff 
all  differ  from  their  allies  on  the  continent  in  being  of  exces- 
sively pale  colors,  as  well  as  of  somewhat  larger  size. 

In  Madagascar  we  have  the  very  large  and  singularly  white- 
spotted  Papilio  an(eno7',  while  species  of  three  other  genera J^  are 
very  white  or  conspicuous,  compared  with  their  continental 
allies. 

*  OmWioptera  priamus,  0,  heUentk,  Papilio  deiphobus^  P.  Ulysses^  P.  GamJbriauU^ 
P.  codrua,  Iphias  leueippe^  EupUxa  prothde,  HesHa  idea,  Athyma  jocasU^  Ditidema 
pandarua^  Nymphalis  pyrrhua^  N.  euryalus,  DrusiOa  jairus, 

"  Contributions  to  the  Theory  of  Natural  Selection,"  pp.  168-173. 

Euphxa  Hewitaonii^  K  Diocletiana^  E.  UeHfica^  E.  dupeanii. 

Adoliaa  caUiphorua. 

Papilio  rhodifer  (near  P.  Doubledayi)  and  Papilio  charicUa  (near  P,  meimnon), 
"*  Papilio  mayo. 

44  EupUxa  Andamanenaiay  Cetkoaia  hihlia^  Oyreatia  coclea. 
II  Danaia  noaaima,  Melanitia  masaoura,  Diadema  dexithecL 
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Passing  to  the  West  Indian  Islands  and  Central  America 
(which  latter  country  has  formed  a  group  of  islands  in  very 
recent  times),  we  have  similar  indications.  One  of  the  largest 
of  the  Papilios  inhabits  Jamaica,*  while  another,  the  largest  of 
its  group,  is  found  in  Mexico.f  Cuba  has  two  of  the  same  fine 
genus,  whose  colors  are  of  surpassing  brilliancy  ;J  while  the 
genus  Clothilda — confined  to  the  Antilles  and  Central  America — 
is  remarkable  for  its  rich  and  showy  coloring. 

Persons  who  are  not  acauainted  with  the  important  structural 
differences  that  distinguisn  these  various  genera  of  butterflies, 
can  hardly  realize  the  importance  and  the  significance  of  such 
facts  as  I  have  now  detailed.  It  may  be  well,  therefore,  to 
illustrate  them  by  supposing  parallel  cases  to  occur  among  the 
mammalia.  We  might  have,  for  example,  in  Africa,  the  gnus, 
the  elands,  and  the  buffaloes  all  colored  and  marked  like 
zebras,  stripe  for  stripe  over  the  whole  body  exactly  correspond- 
ing. So  the  hares,  marmots,  and  squirrels  of  Europe  might  be 
all  red,  with  black  feet,  while  the  corresponding  species  of 
Central  Asia  were  all  yellow,  with  black  heada  In  North 
America  we  might  have  raccoons,  squirrels,  and  opossums  in 
parti-colored  liveiy  of  white  and  black,  so  as  exactly  to  resem- 
ole  the  skunk  of  the  same  country ;  while  in  South  America 
they  might  be  black,  with  a  yellow  throat  patch,  so  as  to  re- 
semble with  equal  closeness  the  tayra  of  tne  Brazilian  foresta 
Were  such  resemblances  to  occur  in  anything  like  the  number, 
and  with  the  wonderful  accuracy  of  imitation  met  with  among 
the  Lepidoptera,  they  would  certainly  attract  universal  atten- 
tion among  naturalists,  and  would  lead  to  the  exhaustive  study 
of  the  influence  of  local  causes  in  producing  such  startling  re- 
sult& 

One  somewhat  similar  case  does  indeed  occur  among  the 
mammalia,  two  singular  African  animals,  the  Aard-wolf  {Pro- 
teles)  and  the  Hyaena-dog  {Lycaon),  both  strikingly  resembling 
hyaenas  in  their  general  form  as  well  as  in  their  spotted  mark- 
ings. Belonging  as  they  all  do  to  the  Camivora,  though  to 
three  distinct  families,  it  seems  quite  an  analogous  case  to  those 
we  have  imagined ;  but  as  the  Aard-wolf  and  the  hyaena-dog 
are  both  weak  animals  compared  with  the  hyaena,  the  resem- 
blance may  be  useful,  ana  in  that  case  would  come  under  the 
head  of  mimicry.  This  seems  the  more  probable  because,  as 
a  rule,  the  colors  of  the  Mammalia  are  protective,  and  are  too 
little  varied  to  allow  of  the  influence  of  local  causes  producing 
any  well-marked  effects. 

When  we  come  to  the  birds,  however,  the  case  is  different ;  for 
although  they  do  not  exhibit  such  distinct  marks  of  the  influ- 
ence of  locality  as  do  butterflies — probably  because  the  causes 

*  FapiHo  Eomerui.  f  P.  daunus.  X  ^'  ChmdlachiUmM^  F.  V\Qier«C. 
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which  determine  color  are  in  their  case  more  complex — ^yet 
there  are  distinct  indications  of  some  effect  of  the  kind,  and  we 
must  devote  some  little  time  to  their  consideration. 

One  of  the  most  curioos  cases  is  that  of  the  parrots  of  the 
West  Indian  Islands  and  Central  America,  several  of  which 
have  white  heads  or  foreheads,  occurring  in  two  distinct  ffenera,* 
while  none  of  the  more  numerous  parrots  of  South  America 
are  so  colored.  In  the  small  island  of  Dominica  we  have  a 
very  large  and  richly-colored  parrot  {Chrysoiia  augusta)  cor- 
responding to  the  large  and  richly -colored  Papilio  homerus  of 
Jamaica. 

The  Andaman  Islands  are  equally  remarkable,  at  least  six  of 
the  peculiar  birds  differing  from  their  continental  allies  in  being 
much  lighter,  and  sometimes  with  a  large  quantity  of  pure 
white  in  the  plumagcf  exactly  corresponding  to  what  occurs 
among  the  butterflies. 

In  the  Philipines  this  is  not  so  marked  a  feature, — ^yet  we 
have  here  the  only  known  white-breasted  Kingcrow  {Dtcmrtu 
miralnlis), — the  newly  discovered  Euryhemua  Steerii^  wholly 
white  beneath, — three  species  of  Diceum^  all  white  beneath, — 
several  species  of  Parus,  largely  white-spotted, — while  many  of 
the  pigeons  have  light  ashy  tints.  The  birds  generally,  how- 
ever, have  rich-dark  colors,  similar  to  those  which  prevail 
among  the  butterflies. 

In  Celebes  we  have  a  swallow-shrike  and  a  peculiar  small 
crow  allied  to  the  jackdaw,J  whiter  than  any  oi  their  allies  in 
the  surrounding  islands,  but  otherwise  the  colors  of  the  birds 
call  for  no  special  remark. 

In  Timor  and  Flores  we  have  white-headed  pigeons,§  and  a 
long-tailed  flycatcher  almost  entirely  whita| 

In  the  small  Lord  Howe's  Island  we  have  the  recently  ex- 
tinct white  rail  {Notornis  aU>a\  remarkably  contrasting  with  its 
allies  in  the  larger  islands  in  New  Zealand. 

We  cannot,  however  lay  any  stress  on  isolated  examples  of 
white  colors,  since  these  occur  in  most  of  the  great  continents, 
but  where  we  find  a  series  of  species  of  distinct  genera,  all 
differing  from  their  continental  allies  in  a  whiter  coloration,  as 
in  the  Andaman  Islands  and  the  West  Indies ;  and  amon^  but- 
terflies, in  the  smaller  Moluccas,  the  Andamans,  and  Madagas- 
car, we  cannot  avoid  the  conclusion  that  in  these  insular  locali- 
ties some  general  cause  is  at  work. 

There  are  other  cases,  however,  in  which  local  influences 
seem  to  favor  the  production  of  preservation  of  intense  crimsoD 

*  Piomu  aUnfrons  and  Chrysotis  senilis  (G.  America),  Chrysotia  SaOm  (Rxyti). 
I  Kittacinda  cUbiverUris^  Geocichla  albigularis^  Stwrma  Andamaneiui8y  Hyloterpt 
grtaola^  var.j  Fanthotnaa  palumboides^  Osmotreron  chhroptem. 
t  Artamus  motutchus^  Corvus  advena. 
§  FtHopua  dmdm^  P.  Qtbociinclua,  |  TthUerta  agmiB^  var. 
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or  a  very  dark  coloration.  Thus  in  the  Moluccas  and  New 
Guinea  alone  we  have  bright  red  parrots  belonging  to  two  dis- 
tinct families,*  and  which,  therefore,  most  probably  have  been 
independently  produced  or  preserved  by  some  common  cause. 
Here  too  and  in  Australia  we  have  black  parrots  and  pigeons  ;t 
and  it  is  a  most  curious  and  suggestive  fact  that  in  another 
insular  sub-region — that  of  Madagascar  and  the  Mascarene 
Islands — these  same  colors  reappear  in  the  same  two  groupa^ 
Some  very  curious  physiological  facts  bearing  upon  the  pres- 
ence or  absence  of  white  colors  in  the  higher  animals  nave 
lately  been  adduced  by  Dr.  Ogle,§  It  has  been  found  that  a 
colored  or  dark  pigment  in  the  olfactory  region  of  the  nostrils 
is  essential  to  perfect  smell,  and  this  pigment  is  rarely  deficient 
except  when  the  whole  animal  is  purely  white.  In  these  cases 
the  creature  is  almost  without  smell  or  taste.  This,  Dr.  Ogle 
believes,  explains  the  curious  case  of  the  pigs  in  Virginia  ad- 
duced by  Mr.  Darwin,  white  pigs  being  poisoned  by  a  poisonous 
root  which  does  not  affect  black  pigs.  Mr.  Darwin  imputed 
this  to  a  constitutional  difference  accompanying  the  dark  color, 
which  rendered  what  was  poisonous  to  the  white-colored 
animals  quite  innocuous  to  the  black.  Dr.  Ogle,  however, 
observes,  that  there  is  no  proof  that  the  black  pigs  eat  the  root, 
and  he  believes  the  more  probable  explanation  to  be  that  it 
is  distasteful  to  them,  while  the  white  pigs,  being  deficient  in 
smell  and  taste,  eat  it  and  are  killed.  Analogous  facts  occur 
in  several  distinct  families.  White  sheep  are  killed  in  the 
Tarentino  by  eating  Hypericum  criscum,  while  black  sheep 
escape;  white  rhinoceroses  are  said  to  perish  from  eating 
Euphorbia  candelabrum  ;  and  white  horses  are  said  to  suffer 
from  poisonous  food  where  colored  ones  escape.  Now  it  is 
very  improbable  that  a  constitutional  immunity  from  poisoning 
by  so  many  distinct  plants  should  in  the  case  of  sucn  widely 
different  animals  be  always  correlated  with  the  same  difference 
of  color ;  but  the  facts  are  readily  understood  if  the  senses  of 
smell  and  taste  are  dependent  on  the  presence  of  a  pigment 
which  is  deficient  in  wholly  white  animals.  The  explanation  has 
'however,  been  carried  a  step  further,  by  experiments  showing 
that  the  absorption  of  odor  by  dead  matter,  such  as  clothing,  is 
greatly  affected  by  color,  black  being  the  most  powerful  ab- 
sorbent, then  blue,  red,  yellow,  and  lastly  white.  We  have 
here  a  physical  cause  for  the  sense-inferiority  of  totally  white 
animals  which  may  account  for  their  rarity  in  nature.  For  few, 
if  any,  wild  animals  are  wholly  white.     The  head,  the  face,  or 

*  XorttM,  E09  (TrichogloBsidffi),  Ededua  (Palsomithids). 
Microghssua,  OalyptorhynchuSj  Tkiraccena. 
CoracopsiSj  AlectrcBtuu, 
Medioo-Chirurgical  TraoBactions,  yoL  liii,  (1870). 
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at  least  the  muzzle  or  the  nose,  are  generally  black.  The  ears 
and  eyes  are  also  often  black ;  and  there  is  reason  to  believe  that 
dark  pigment  is  essential  to  good  hearing,  as  it  certainly  is  to 
perfect  vision.  We  can  therefore  understand  why  white  cats 
with  blue  eyes  are  so  often  deaf — ^a  peculiarity  we  notice  more 
readily  than  their  deficiency  of  smell  or  taste. 

If  then  the  prevalence  of  white  coloration  is  generally  accom- 
panied with  some  deficiency  in  the  acuteness  of  the  most  im- 
portant senses,  the  color  becomes  doubly  dangerous,  for  it  not 
only  renders  its  possessors  more  conspicuous  to  its  enemies,  but 
at  tne  same  time  makes  it  less  ready  in  detecting  the  presence 
of  danger.  Hence,  perhaps,  the  reason  why  white  appears 
more  frequently  in  islands  where  conipetition  is  less  severe  and 
enemies  less  numerous  and  varied.  Hence,  also,  a  reason  why 
albuioism^  although  freely  occurring  in  captivity  never  maintains 
itself  in  a  wild  state,  while  melanism  does,  llie  peculiarity  of 
some  islands  in  having  all  their  inhabitants  of  dusky  colors — 
as  the  Galapagos — may  also  perhaps  be  explained  on  the  same 
principles,  for  poisonous  fruits  or  seeds  may  there  abound 
which  weed  out  all  white  or  light-colored  varieties,  owing  to 
their  deficiency  of  smell  and  taste.  We  can  hardly  believe, 
however,  that  this  would  apply  to  white-colored  butterflies,  and 
this  may  be  a  reason  why  the  effect  of  an  insular  habitat  is 
more  marked  in  these  insects  than  in  birds  or  mammals.  But 
though  inapplicable  to  the  lower  animals,  this  curious  relation 
of  sense-acuteness  with  colors  may  have  had  some  influence  on 
the  development  of  the  higher  human  races.  If  light  tints  of 
the  skin  were  generally  accompanied  by  some  deficiency  in  the 
sense  of  smell,  hearing,  and  vision,  the  white  could  never  com- 
pete with  the  darker  races,  so  long  as  man  was  in  a  very  low  or 
savage  condition,  and  wholly  dependent  for  existence  on  the 
acuteness  of  his  senses.  But  as  the  mental  faculties  became 
more  fully  developed  and  more  important  to  his  welfare  than 
mere  sense-acuteness,  the  lighter  tints  of  skin,  and  hair,  and 
eyes,  would  cease  to  be  disadvantageous  whenever  they  were 
accompanied  by  superior  brain-power.  Such  variations  would 
then  be  preserved  ;  and  thus  may  have  arisen  the  Xanthochroic 
race  of  mankind,  in  which  we  find  a  high  development  of  in- 
tellect accompanied  by  a  slight  deficiency  in  the  acuteness  of 
the  senses  as  compared  with  the  darker  forms. 

I  have  now  to  ask  your  attention  to  a  few  remarks  on  the 
peculiar  relations  of  plants  and  insects  as  exhibited  in  islands. 

Ever  since  Mr.  Darwin  showed  the  immense  importance  of 
insects  in  the  fertilization  of  flowers,  great  attention  has  been 
paid  to  the  subject,  and  the  relation  of  these  two  very  different 
classes  of  natural  objects  has  been  found  to  be  more  universal 
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and  more  complex  than  could  have  been  anticipated.  Whole 
genera  and  families  of  plants  have  been  so  modified,  as  first  to 
attract,  and  then  to  be  fertilized  bj,  certain  .groups  of  insects, 
and  this  special  adaptation  seems  in  many  cases  to  have  deter- 
mined the  more  or  less  wide  range  of  the  plants  in  question. 
It  is  also  known  that  some  species  of  plants  can  be  fertilized 
only  by  particular  species  of  insects,  and  the  absence  of  these 
from  any  locality  would  necessarily  prevent  the  continued 
existence  of  the  plant  in  that  area.  Here,  I  believe,  will  be 
found  the  clue  to  much  of  the  peculiarity  of  the  floras  of 
oceanic  islands,  since  the  methods  by  which  they  have  been 
stocked  with  plants  and  insects  will  be  often  quite  diflerent 
Many  seeds  are,  no  doubt,  carried  by  oceanic  currents,  others 
probably  by  aquatic  birds.  Mr.  H.  N.  Moseley  informs  me 
that  the  albatrosses,  gulls,  puffins,  tropic  birds,  and  many 
others,  nest  inland,  often  amidst  dense  vegetation,  and  he  be- 
lieves they  often  carry  seeds,  attached  to  their  feathers,  from 
island  to  island  for  great  distances.  In  the  tropics  they  often 
nest  on  the  mountains  far  inland,  and  mav  thus  aid  in  the  dis- 
tribution  even  of  mountain  plants.  Insects,  on  the  other  hand, 
are  mostly  conveyed  by  aerial  currents,  especiallv  by  violent 
gales ;  and  it  may  thus  often  happen  that  totafly  unrelated 
plants  and  insects  may  be  brought  together,  in  which  case  the 
former  must  often  perish  for  want  of  suitable  insects  to  fertilize 
them.  This  will,  I  think,  account  for  the  strangely  fragmentary 
nature  of  these  insular  floras,  and  the  great  distances  that  often 
exist  between  those  which  are  situated  in  the  same  ocean,  as 
well  as  for  the  preponderance  of  certain  orders  and  genera.  In 
Mr.  Pickering's  valuable  work  on  the  Geographical  Distribution 
of  Animals  and  Plants,  he  gives  a  list  of  no  less  than  sixty-six 
natural  orders  of  plants  unexpectedly  absent  from  Tahiti,  or 
which  occur  in  many  of  the  surrounding  lands,  some  being 
abundant  in  other  islands — ^as  the  Labiatae  at  the  Sandwich 
Islands.  In  these  latter  islands  the  flora  is  much  richer,  yet  a 
large  number  of  families  which  abound  in  other  parts  of 
Polynesia  are  totally  wanting.  Now  much  of  the  poverty  and 
exceptional  distribution  of  the  plants  of  these  islands  is  proba- 
bly due  to  the  great  scarcity  of  flower-frequenting  insects. 
Lepidoptera  and  flymenoptera  are  exceedingly  scarce  in  the 
eastern  islands  of  the  Pacific,  and  it  is  almost  certain  that  many 
plants  which  require  these  insects  for  their  fertilization  have 
oeen  thereby  prevented  from  establishing  themselves.  In  the 
Western  islands,  such  as  the  Fijis,  several  species  of  butter- 
flies occur  in  tolerable  abundance,  and  no  doubt  some  flower- 
haunting  Hymenoptera  accompany  them,  and  in  these 
islands  tne  flora  appears  to  be  much  more  varied,  and  especially 
to  be  characterized  by  a  much  greater  variety  of  showy  flowers, 


866        Address  of  A,  K  Wallace  at  the  Olasgaw  Meeting. 

as  may  be  seen  by  examiaing  the  plates  of  Dr.  Seeman's 
"Flora  Vitiensis." 

Darwin  and  Pickering  both  speak  of  the  great  preponderance 
of  ferns  at  Tahiti,  and  Mr.  Moseley,  who  spent  several  days  in 
the  interior  of  the  island,  informs  me  that  "at  an  elevation  of 
from  2,000  to  8,000  feet  the  dense  vegetation  is  composed 
almost  entirely  of  ferns.  A  tree  fern  \AUophila  TahHensis) 
forms  a  sort  of  forest,  to  the  exclusion  of  almost  every  other 
tree,  and,  with  huge  plants  of  two  other  ferns  {Angiopieris  eoecta 
and  Aspelenium  nidu8\  forms  the  main  mass  of  the  vegetation*'* 
And  he  adds,  "I  have  nowhere  seen  ferns  in  so  great  pro- 
portionate abundanca"  This  unusual  proportion  of  ferns  is  a 
general  feature  of  insular  as  compared  with  continental  floras ; 
but  it  has,  I  believe,  been  generally  attributed  to  favorable 
conditions,  especially  to  equable  climate  and  perennial  moist- 
ura  In  this  respect,  however.  Tahiti  can  haraly  diflfer  greatly 
from  many  other  islands,  which  yet  have  no  such  vast  prepon- 
derance of  ferns.  This  is  a  question  that  cannot  be  decidea  by 
mere  lists  of  species,  since  it  is  probable  that  in  Tahiti  they  are 
less  numerous  than  in  some  other  islands  where  they  form  a 
far  less  conspicuous  feature  in  the  vegetation.  The  island 
most  comparable  with  Tahiti  in  that  respect  is  Juan  Fernandez. 
Mr.  Moseley  writes  to  me — "  In  a  general  view  of  any  wide 
stretch  of  densely-clothed  mountainous  surface  of  the  island, 
the  ferns,  both  tree-ferns  and  the  unstemmed  forms,  are  seen  at 
once  to  compose  a  very  large  proportion  of  the  mass  of  foliage." 
As  to  the  insects  of  Juan  Fernandez,  Mr.  Edwyn  C.  Reed,  who 
made  two  visits  and  spent  several  weeks  there,  has  kindly  fur- 
nished me  with  some  exact  information.  Of  butterflies  there 
is  only  one  {Pyrameis  carie),  and  that  rare — a  Chilian  species, 
and  probably  an  accidental  straggler.  Four  species  of  moths 
of  moderate  size  were  observed — all  Chilian,  and  a  few  larvae 
and  pupae.  Of  bees  there  were  none,  except  one  very  minute 
species  (allied  to  Chilicola),  and  of  other  Hymenoptera,  a  single 
specimen  of  Ophion  luletis — a  cosmopolitan  ichneumon.  About 
twenty  species  of  flies  were  observed,  and  these  formed  the 
most  prominent  feature  of  the  entomology  of  the  island. 

Now,  as  far  as  we  know,  the  extreme  entomological  poverty 
agrees  closely  with  that  of  Tahiti ;  and  there  are  probably  no 
other  portions  of  the  globe  equally  favored  in  soil  and  climate 
and  with  an  equally  luxuriant  vegetation,  where  insect-life  is  so 
scantily  developed.  It  is  curious  therefore  to  find  that  these 
two  islands  also  agree  in  the  wonderful  predominance  of  ferns 
over  the  flowering  plants — in  individuals  even  more  than  in 
species,  and  there  is  no  diflSculty  in  connecting  the  two  facta 
The  excessive  minuteness  and  great  abundance  of  fern-spores 
causes  them  to  be  far  more  easily  distributed  by  winds  than  the 
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seeds  of  flowering  plants,  and  thev  are  thus  always  ready  to 
occupy  any  vacant  places  in  suitable  localities,  and  to  compete 
with  the  less  vigorous  flowering  plants.  But  where  insects  are 
so  scarce,  «ill  plants  which  require  insect  fertilization,  whether 
constantly  to  enable  them  to  produce  seed  at  all,  or  occasionally 
to  keep  up  their  constitutional  vigor  by  crossing,  must  be  at  a 
great  disadvantage ;  and  thus  the  scanty  flora  which  oceanic 
islands  must  always  possess,  peopled  as  they  usually  are  by  waife 
and  strays  from  other  lands,  is  rendered  still  more  scantjr  by 
the  weeding  out  of  all  such  as  depend  largely  on  insect  fertiliza- 
tion for  their  full  development.  It  seems  probable,  therefore, 
that  the  preponderance  of  ferns  in  islands  (considered  in  mass 
of  individuals  rather  than  in  number  of  species)  is  largely  due 
to  the  absence  of  competing  phenogamous  plants ;  and  that  this 
is  in  great  part  due  to  the  scarcity  of  insects.  In  other  oceanic 
islands,  sucn  as  New  Zealand  and  the  Galapaeos,  where  ferns, 
although  tolerably  abundant,  form  no  such  preaominant  feature 
in  the  vegetation,  but  where  the  scarcity  of  flower-haunting 
insects  is  almost  equally  marked,  we  find  a  great  preponderance 
of  small  green,  or  otherwise  inconspicuous  flowers,  indicating 
that  only  such  plants  have  been  enabled  to  flourish  there  as  are 
independent  oi  insect  fertilization.  In  the  Galapagos — which 
are  perhaps  even  more  deficient  in  flying  insects  than  Juan 
Fernandez — this  is  so  striking  a  feature  that  Mr.  Darwin  speaks 
of  the  vegetation  as  consisting  in  great  part  of  "  wretched -look- 
ing weeds,"  and  states  that  "it  was  some  time  before  he  dis- 
covered that  almost  every  plant  was  in  flower  at  the  time  of  his 
visit."  He  also  says  that  he  "did  not  see  one  beautiful  flower" 
in  the  islands.  It  appears,  however,  that  Compositae,  Legum- 
inossB,  Eubiaceee,  and  Solanaceae,  form  a  lar^e  proportion  of  the 
flowering  plants,  and  as  these  are  orders  which  usuallv  require 
insect  fertilization,  we  must  suppose  either  that  they  have 
become  modified  so  as  to  be  self-fertilized,  or  that  they  are 
fertilized  by  the  visits  of  the  minute  Diptera  and  Hymenoptera, 
which  are  the  only  insects  recorded  from  these  islands. 

In  Juan  Fernandez,  on  the  other  hand,  there  is  no  such  total 
deficiency  of  showy  flowers.  I  am  informed  by  Mr.  Moseley 
that  a  variety  of  the  Magnoliaceous  winter's  bark  abounds,  and 
has  showy  white  flowers,  and  that  a  Bignoniaceous  shrub  with 
abundance  of  dark  blue  flowers,  was  also  plentiful;  while  a 
white-flowered  Liliaceous  plant  formed  large  patches  on  the  hill- 
sides. Besides  these  there  were  two  species  of  woody  Com- 
positae with  conspicuous  heads  of  yellow  blossoms,  and  a 
species  of  white-flowered  myrtle  also  abundant ;  so  that,  on  the 
whole,  flowers  formed  a  rather  conspicuous  feature  in  the  aspect 
of  the  vegetation  of  Juan  Fernandez. 

But  this  fact — which  at  first  sight  seems  entirely  at  variance 
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with  the  view  we  are  upholding  of  the  important  relation  be- 
tween the  distribution  of  insects  and  plants — ^is  well  explained 
bv  the  existence  of  two  species  of  humming  birds  in  Juan 
I^emandez,  which,  in  their  visits  to  these  large  and  showy  flow- 
ers fertilize  them  as  effectually  as  bees,  moths,  or  butterflies. 
Mr.  Moseley  informs  me  that  **  these  humming  birds  are  extra- 
ordinarily abundant,  every  tree  or  bush  having  one  or  two  dart- 
ing about  it"  He  also  observed  that  **  nearly  all  the  specimens 
killed  had  the  feathers  round  the  base  of  the  bill  and  front 
of  the  head  clogged  and  colored  yellow  with  pollen."  Here, 
then,  we  have  the  clue  to  the  perpetuation  of  large  and  showy 
flowers  in  Juan  Fernandez ;  while  the  total  absence  of  humming- 
birds in  the  Galapagos  may  explain  why  no  such  large-flowered 
plants  have  been  able  to  establish  themselves  in  those  equato- 
rial islands. 

This  leads  to  the  observation  that  many  other  groups  of  birds 
also,  no  doubt,  aid  in  the  fertilization  of  flowers.  I  have  often 
observed  the  beaks  and  faces  of  the  brush-tongued  lories  of  the 
Moluccas  covered  with  pollen ;  and  Mr.  Moseley  noted  the  same 
fact  in  a  species  of  Ariamus,  or  swallow-shrike,  shot  at  Cape 
York,  showing  that  this  genus  also  frequents  flowers  and  aids 
in  their  fertilization.  In  the  Australian  region  we  have  the  im- 
mense group  of  the  Meliphagidae,  which  all  frequent  flowers, 
and  as  these  range  over  all  the  islands  of  the  Pacific,  their 
presence  will  account  for  a  certain  proportion  of  showy  flowers 
being  found  there,  such  as  the  scarlet  Mttro^ideros,  one  of  the 
few  conspicuous  flowers  in  Tahiti.  In  the  Sandwich  Islands, 
too,  there  are  forests  of  Metrosideros ;  and  Mr.  Charles  Picker- 
ing writes  me,  that  they  are  visited  by  honey -sucking  birds,  one 
of  which  is  captured  by  sweetened  bird-lime,  against  which  it 
thrusts  its  extensile  tongue.  I  am  also  informed  that  a  con- 
siderable number  of  flowers  are  occasionally  fertilized  by  hum- 
ming-birds in  North  America ;  so  that  there  can,  I  think,  be 
little  doubt  that  birds  play  a  much  more  important  part  in  this 
respect  than  has  hitherto  been  imagined.  It  is  not  improbable 
that  in  Tropical  America,  where  this  family  is  so  enormously 
developed,  many  flowers  will  be  found  to  be  expressly  adapted 
to  fertilization  by  them  just  as  so  many  in  our  own  country  are 
specially  adapted  to  the  visits  of  certain  families  or  genera  of 
insects. 

It  must  also  be  remembered,  as  Mr.  Moseley  has  suggested  to 
me,  that  a  flower  which  had  acquired  a  brilliant  color  to  attract 
insects  might,  on  transference  to  another  country,  and  becoming 
so  modified  as  to  be  capable  of  self-fertilization,  retain  the 
colored  petals  for  an  indefinite  period.  Such  is  probably  the 
explanation  of  the  Pelargonium  of  Kerguelen's  land,  which 
forms  masses  of  bright  color  near  the  shore  during  the  flower- 
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ing  season;  while  most  of  the  other  plants  of  the  island  have 
colorless  flowers  in  accordance  with  the  almost  total  absence  of 
winged  insects.  The  presence  of  many  large  and  showy  flowers 
among  the  indigenous  flora  of  St  Helena  must  be  an  example 
of  a  similar  persistence.  Mr.  Melliss  indeed  states  it  to  be  '*a 
remarkable  peculiarity  that  the  indigenous  flowers  are,  with 
very  slight  exceptions,  all  perfectly  colorless  ;***  but  although 
this  may  apply  to  the  general  aspect  of  the  remains  of  the  indi- 
genous flora,  It  is  evidently  not  the  case  as  regards  the  species^ 
since  the  interesting  plates  of  Mr.  Melliss's  volume  show  that 
about  one-third  of  the  indigenous  flowering  plants  have  more  or 
less  colored  or  conspicuous  flowers,  while  several  of  them  are 
exceedingly  showy  and  beautiful  Among  these  are  a  Lobelia^ 
three  Wahlenbergias^  several  ComposiicB,  and  especially  the  hand- 
some red  flowers  of  the  now  almost  extinct  forest-trees,  the 
ebony  and  redwood  (species  of  Melhania^  Byttneriacese).  We 
have  every  reason  to  believe,  however,  that  when  St  Helena 
was  covered  with  luxuriant  forests,  and  especially  at  that  re- 
mote period  when  it  was  much  more  extensive  than  it  is  now, 
it  must  have  supported  a  certain  number  of  indigenous  birds 
and  insects,  which  would  have  aided  in  the  fertilization  of  these 
gaily-colored  flowers.  The  researches  of  Dr.  Hermann  Miiller 
nave  shown  us  by  what  minute  modification  of  structure  or  of 
function  many  flowers  are  adapted  for  partial  insect  and  self- 
fertilization  in  varying  degrees,  so  that  we  have  no  difliculty  in 
understanding  how,  as  the  insects  diminished  and  finally  disap- 
peared, self-fertilization  may  have  become  the  rule,  while  the 
large  and  showy  corollas  remain  to  tell  us  plainly  of  a  once 
different  state  of  things. 

Another  interesting  fact  in  connection  with  this  subject  is 
the  presence  of  arborescent  forms  of  Compositfie  in  so  many  of 
the  remotest  oceanic  islands.  They  occur  in  the  Galapagos,  in 
Juan  Fernandez,  in  St  Helena,  in  the  Sandwich  Islands,  and 
in  New  Zealand ;  but  they  are  not  directly  related  to  each  other, 
representatives  of  totally  different  tribes  of  this  extensive  order 
becoming  arborescent  in  each  group  of  islands.  The  immense 
range  and  almost  universal  distribution  of  the  Compositse  is  due 
to  the  combination  of  a  great  facility  of  distribution  (by  their 
seeds),  with  a  great  attractiveness  to  insects,  and  the  capacity 
of  being  fertilized  by  a  variety  of  species  of  all  orders,  and  es- 
pecially by  flies  and  small  beetles.  Thus  they  would  be  among 
the  earliest  of  flowering  plants  to  establish  themselves  on  oceanic 
islands ;  but  where  insects  of  all  kinds  were  very  scarce  it  would 
be  an  advantage  to  gain  increased  size  and  longevity,  so  that 
fertilization  at  an  interval  of  several  years  might  suflSce  for  the 
continuance  of  the  species.     The  arborescent  form  would  com- 

*  Melli88*8  iSl  HdencL,  p.  226,  note. 
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bine  with  increased  longevity  the  advantage  of  increased  size 
in  the  struggle  for  existence  with  the  ferns  and  other  earlj  colo- 
nists, and  these  advantages  have  led  to  its  being  independently 
produced  in  so  many  distant  localities,  whose  chief  feature  in 
common  is  their  remoteness  from  continents  and  the  extreme 
poverty  of  their  insect  lifa 

As  the  sweet  odors  of  flowers  are  known  to  act  in  combina- 
tion with  their  colors,  as  an  attraction  to  insects,  it  might  be 
anticipated  that  where  color  was  deficient  scent  would  be  so 
also.  On  applying  to  my  friend  Dr.  Hooker  for  information 
as  to  New  Zealand  plants,  he  informed  me  that  this  was  cer- 
tainly the  case,  and  that  the  New  Zealand  flora  is,  speaking 
generally,  as  strikingly  deficient  in  sweet  odors  as  in  conspicu- 
ous colors.  Whether  this  peculiarity  occurs  in  other  islands  I 
have  not  been  able  to  obtam  information,  but  we  may  certainly 
expect  it  to  be  so  in  such  a  marked  instance  as  that  of  the  Qala- 
pagos  flora. 

Another  question  which  here  comes  before  us  is  the  origin 
and  meaning  of  the  odoriferous  glands  of  leaves.  Dr.  Hooker 
informed  me  that  not  only  are  New  Zealand  plants  deficient  in 
scented  flowers,  but  equally  so  in  scented  leaves.  This  led  me 
to  think  that  perhaps  such  leaves  were  in  some  way  an  addi- 
tional attraction  to  msects,  though  it  is  not  easy  to  understand 
how  this  could  be,  except  by  adding  a  general  attraction  to  the 
special  attraction  of  the  flowers,  or  by  supporting  the  larvae, 
which  as  perfect  insects  aid  in  fertilization.  Mr.  Darwin,  how- 
ever, informs  me  that  he  considers  that  leaf  glands  bearing  essen- 
tial oils  are  a  protection  against  the  attacks  of  insects  where 
these  abound,  and  would  thus  not  be  required  in  countries 
where  insects  were  very  scarce.  But  it  seems  opposed  to  this 
view  that  highly  aromatic  plants  are  characteristic  of  desei-ts  all 
over  the  world,  and  in  such  places  insects  are  not  abundant 
Mr.  Stainton  informs  me  that  the  aromatic  Labiatae  enjoy  no 
immunity  from  insect  attacks.  The  bitter  leaves  of  the  cherry- 
laurel  are  often  eaten  by  the  larvae  of  moths  that  abound  on 
our  fruit-trees;  while  in  the  Tropics  the  leaves  of  the  orange 
tribe  are  favorites  with  a  large  number  of  lepidopterous  larvae; 
and  our  northern  firs  and  pines,  although  abounding  in  a 
highly  aromated  resin,  are  very  subject  to  the  attacks  of  bee- 
tles. My  friend  Dr.  Kichard  Spruce — who  while  traveling  in 
South  America  allowed  nothing  connected  with  plant-life  to 
escape  his  observation — informs  me  that  trees  whose  leaves 
have  aromatic  and  often  resinous  secretions  in  immersed  glands 
abound  in  the  plains  of  tropical  America,  and  that  such  are  in 
great  part,  if  not  wholly,  free  from  the  attacks  of  leaf-eating 
ants,  except  where  the  secretion  is  only  slightly  bitter,  as  in 
the  orange  tribe,  oraugetreea  being  sometimes  entirely  denuded 
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of  their  leaves  in  a  single  night.  Aromatic  plants  abound  in 
the  Andes  up  to  about  13,000  feet,  as  well  as  in  the  plains,  but 
hardly  more  so  than  in  Central  and  Southern  Europe.  They 
are  perhaps  most  plentiful  in  the  dry  mountainous  parts  of 
Soutnern  Europe;  and  as  neither  here  nor  in  the  Andes  do 
leaf-eating  ants  exist,  Dr.  Spruce  infers  that,  although  in  the 
hot  American  forests  where  such  ants  swarm  the  oil-bearing 
glands  serve  as  a  protection,  yet  they  were  not  originally 
acquired  for  that  purposa  Near  the  limits  of  perpetual  snow 
on  the  Andes  such  plants  as  occur  are  not,  so  far  as  Dr.  Spruce 
has  observed,  aromatic ;  and  as  plants  in  such  situations  can 
hardly  depend  on  insect  visits  for  their  fertilization,  the  fact  is 
comparable  with  that  of  the  flora  of  New  Zealand,  and  would 
seem  to  imply  some  relation  between  the  two  phenomena, 
though  what  it  exactly  is  cannot  yet  be  determined. 

I  trust  I  have  now  been  able  to  show  you  that  there  are  a 
number  of  curious  problems  lying  as  it  were  on  the  outskirts 
of  biological  inquiry  which  well  merit  attention,  and  which 
may  lead  to  valuable  results.  But  these  problems  are,  as  you 
see,  for  the  most  part  connected  with  questions  of  locality,  and 
require  full  and  accurate  knowledge  of  the  productions  of  a 
number  of  small  islands  and  other  limited  areas,  and  the  means 
of  comparing  them  the  one  with  the  other.  To  make  such 
comparisons  is,  however,  now  quite  impossible.  No  museum 
contains  any  fair  representation  of  the  productions  of  these 
localities,  and  such  specimens  as  do  exist,  being  scattered 
through  the  general  collection,  are  almost  uselass  for  this 
special  purpose.  If,  then,  we  are  to  make  any  progress  in  this 
inquiry,  it  is  absolutely  essential  that  some  collectors  should 
begin  to  arrange  their  cabinets  primarily  on  a  geographical 
basis,  keeping  together  the  productions  of  every  island  or 
group  of  islandn,  and  of  such  divisions  of  each  continent  as  are 
found  to  possess  any  special  or  characteristic  fauna  or  flora. 
We  shall  then  be  sure  to  detect  many  unsuspected  relations 
between  the  animals  and  plants  of  certain  localities,  and  we 
shall  become  much  better  acquainted  with  those  complex  reac-^ 
tions  between  the  vegetable  and  animal  kingdoms,  ana  between 
the  organic  world  and  the  inorganic,  which  have  almost  cer- 
tainly played  an  important  part  in  determining  many  of  the; 
most  conspicuous  features  of  living  things. 

3.  Rise  and  Progress  of  Modern  Views  as  to  the  Antiquity  and 

Origin  of  Man, 

1  now  come  to  a  branch  of  our  subject  which  I  would  gladly^ 
have  avoided  touching  on,  but  as  the  higher  powers  of  this 
Association  have  decreed  that  I  should  preside  over  the  An- 
thropological Department,  it  seems  proper  th«A.  1  ^ovsJA  ft^N^^Xfe. 
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some  portion  of  my  address  to  matters  more  immediately  con- 
nected with  the  special  study  to  which  that  department  is 
devoted. 

As  mv  own  knowledge  of,  and  interest  in,  Anthropology,  is 
confined  to  the  great  outlines,  rather  than  to  the  special  details 
of  the  science,  I  propose  to  give  a  very  brief  and  general  sketch 
of  the  modem  doctrine  as  to  the  Antiquity  and  Origin  of  Man, 
and  to  suggest  certain  points  of  difficulty  which  have  not,  I 
think,  yet  received  sufficient  attention. 

Many  now  present  remember  the  time  (for  it  is  a  little  more 
than  twenty  years  ago)  when  the  antiquity  of  man,  as  now 
understood,  was  universally  discredited.  Not  only  theologians, 
but  even  geologists,  then  taught  us  that  man  belonged  alto- 
gether to  the  existing  state  of  things;  that  the  extinct  animals 
of  the  Tertiary  period  had  finally  disappeared,  and  that  the 
earth's  surface  had  assumed  its  present  condition  before  the 
human  race  first  came  into  existence.  So  prepossessed  were 
even  scientific  men  with  this  idea — which  yet  rested  on  purely 
negative  evidence,  and  could  not  be  supported  by  any  argu- 
ments of  scientific  value — that  numerous  facts  which  had  been 
presented  at  intervals  for  half  a  century,  all  tending  to  prove 
the  existence  of  man  at  very  remote  epochs,  were  silently 
ignored  ;  and,  more  than  this,  the  detailed  statements  of  three 
distinct  and  careful  observers  were  rejected  by  a  great  scientific 
society  as  too  improbable  for  publication,  only  because  they 
proved  (if  they  were  true)  the  co-existence  of  man  with  extinct 
animals  !* 

But  this  state  of  belief  in  opposition  to  facts  could  not  long 
continue.  In  1859  a  few  of  our  most  eminent  geologists  ex- 
amined for  themselves  into  the  alleged  occurrence  of  flint  im- 
plements in  the  gravels  of  the  North  of  France,  which  had 
oeen  made  public  fourteen  years  before,  and  found  them  strictly 
correct.  The  caverns  of  Devonshire  were  about  the  same  time 
carefully  examined  by  equally  eminent  observers,  and  were 
found  luUy  to  bear  out  the  statement  of  those  who  had  pub- 
lished their  results  eighteen  years  before.  Flint  implements 
began  to  be  found  in  all  suitable  localities  in  the  South  of  Eng- 
land, when  carefully  searched  for,  often  in  gravels  of  equal 
antiquity  with  those  of  Franca  Caverns,  eriving  evidence  of 
human  occupation  at  various  remote  periods,  were  explored  in 
Befgium  and  the  South  of  France, — lake  dwellings  were  ex- 
amined in  Switzerland — refuse  heaps  in  Denmark — and  thus  a 
whole  series  of  remains  have  been  discovered  carrying  back 
the  history  of  mankind  from  the  earliest  historic  periods  to  a 

♦  In  1864  (?)  a  communication  from  the  Torquay  Natural  Hintory  Society  con- 
firming previous  accounts  by  Mr.  Godwin- Austen,  Mr.  Vivian,  and  the  Rev.  Mr. 
HcEnery,  ^at  worked  flints  occurred  in  Kent's  Hole  with  renuuns  of  extinct  spe- 
deSf  WM  rejected  as  too  iinproV>&\AQ  Iot  vvxV>\iQ&tlQn. 
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long  distant  past.  The  antiquity  of  the  races  thus  discovered 
can  only  be  generally  determined  by  the  successively  earlier 
and  earlier  stages  through  which  we  can  trace  them.  As  we 
go  back,  metals  soon  disappear  and  we  find  only  tools  and 
weapons  of  stone  and  of  bone.  The  stone  weapons  get  ruder 
and  ruder;  pottery,  and  then  the  bone  implements,  cease  to 
occur;  and  in  the  earliest  stage  we  find  only  chipped  flints,  of 
rude  design  though  still  of  unmistakable  human  workmanship 
In  like  manner  domestic  animals  disappear  as  we  go  back^ara ; 
and  though  the  dog  seems  to  have  been  the  earliest,  it  is  doubt- 
ful whether  the  makers  of  the  ruder  flint  implements  of  the 
gravels  possessed  even  this.  Still  more  important  as  a  measure 
of  time  are  the  changes  of  the  earth's  surface— of  the  distribu- 
tion of  animals — and  of  climate — which  have  occurred  during 
the  human  period.  At  a  comparatively  recent  epoch  in  the 
record  of  prehistoric  times  we  find  that  the  Baltic  was  far  Salter 
than  it  is  now,  and  produced  abundance  of  oysters ;  and  that 
Denmark  was  covered  with  pine  forests  inhabited  by  Capercail- 
zies, such  as  now  only  occur  further  north  in  Norway.  A  little 
earlier  we  find  that  Eeindeer  were  common  even  in  the  South 
of  France,  and  still  earlier  this  animal  was  accompanied  by  the 
mammoth  and  woolly  rhinoceros,  by  the  arctic  glutton,  and  bv 
huge  bears  and  lions  of  extinct  species.  The  presence  of  such 
animals  implies  a  change  of  climate,  and  both  in  the  caves  and 
gravels  we  find  proofs  of  a  much  colder  climate  than  now  pre- 
vails in  Western  Europe.  Still  more  remarkable  are  the 
changes  of  the  earth's  surface  which  have  been  eSected  during 
man'ft  occupation  of  it  Many  extensive  valleys  in  England 
and  France  are  believed  by  the  best  observers  to  have  been 
deepened  at  least  a  hundred  feet ;  caverns  now  far  out  of  the 
reach  of  any  stream  must  for  a  long  succession  of  years  have 
bad  streams  flowing  through  them,  at  least  in  times  of  floods — 
and  this  often  implies  that  vast  masses  of  solid  rock  have  since 
been  worn  away.  In  Sardinia  land  has  risen  at  least  300  feet 
since  men  lived  there  who  made  pottery  and  probably  used 
fishing-nets  ;*  while  in  Kent's  Cavern  remains  of  man  are  found 
buried  beneath  two  separate  beds  of  stalagmite,  each  having  a 
distinct  texture,  and  each  covering  a  deposit  of  cave-earth  hav- 
ing well-marked  dift'erential  characters,  while  each  contains  a 
distinct  assemblage  of  extinct  animals. 

Such,  briefly,  are  the  results  of  the  evidence  that  has  been 
rapidly  accumulating  for  about  fifteen  years  as  to  the  antiquity 
of  man :  and  it  has  been  confirmed  by  so  many  discoveries  of 
a  like  nature  in  all  parts  of  the  globe,  and  especially  by  the 
comparison  of  the  tools  and  weapons  of  prehistoric  man  with  those 
of  modern  savages,  so  that  the  use  of  even  the  rudest  flint  ira- 

*  LyeU's  Antiquity  of  Man,  fourth  edition,  p.  115. 
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plements  has  become  quite  intelligible, — that  we  can  hardly 
wonder  at  the  vast  revolution  effected  in  public  opinion.  Not 
only  is  the  belief  in  man's  vast  and  stilt  unknown  antiquity 
universal  among  men  of  science,  but  it  is  hardly  disputed  by 
any  well-informed  theologian ;  and  the  present  generation  of 
science-students  must,  we  should  think,  be  somewhat  puzzled 
to  understand,  what  there  was  in  the  earlier  discoveries  that 
should  have  aroused  such  general  opposition  and  been  met 
with  such  universal  incredulity. 

But  the  question  of  the  mere  ** Antiquity  of  Man"  almost 
sank  into  insignificance  at  a  very  early  period  of  the  inquiry, 
in  comparison  with  the  far  more  momentuous  and  more  excit- 
ing problem  of  the  development  of  man  from  some  lower  ani- 
mal form,  which  the  theories  of  Mr.  Darwin  and  of  Mr.  Herbert 
Spencer  soon  showed  to  be  inseparably  bound  up  with  it  This 
has  been,  and  to  some  extent  still  is,  the  subject  of  fierce  tton- 
flict;  but  the  controversy  as  to  the  fact  of  such  development  is 
now  almost  at  an  end,  since  one  of  the  most  talented  represen- 
tatives of  Catholic  theology,  and  an  anatomist  of  high  standing 
— Professor  Mivait — fully  adopts  it  as  regards  physical  struc- 
ture, reserving  his  opposition  for  those  parts  of  his  theory, 
which  would  deduce  man's  whole  intellectual  and  moral  nature 
from  the  same  source,  and  by  a  similar  mode  of  development 

Never,  perhaps,  in  the  whole  history  of  science  or  philosophy 
has  so  great  a  revolution  in  thought  and  opinion  been  effected 
as  in  the  twelve  years  from  1859  to  1871,  the  respective  dates 
of  publication  of  Mr.  Darwin's  "Origin  of  Species''  and  "De- 
scent of  Man."  Up  to  the  commencement  of  this  period  the 
belief  in  the  independent  creation  or  origin  of  the  species  of 
animals  and  plants,  and  the  very  recent  appearance  of  man 
upon  the  earth,  were,  practically,  universal.  Long  before  the 
end  of  it  these  two  beliefs  had  utterly  disappeared,  not  only  in 
the  scientific  world,  but  almost  equally  so  among  the  literary 
and  educated  classes  generally.  The  belief  in  the  independent 
origin  of  man  held  its  ground  somewhat  longer,  but  the  publi 
cation  of  Mr.  Darwin's  great  work  gave  even  that  its  death- 
blow, for  hardly  anyone  capable  of  judging  of  the  evidence 
now  doubts  the  derivative  nature  of  man's  bodily  structure  as  a 
whole,  although  many  believe  that  his  mind  ana  even  some  of 
his  physical  characteristics  may  be  due  to  the  action  of  other 
forces  than  have  acted  in  the  case  of  the  lower  animals. 

We  need  hardly  be  surprised,  under  these  circumstances,  if 
there  has  been  a  tendency  among  men  of  science  to  pass  Irora 
one  extreme  to  the  other,  from  a  profession  (so  few  years  ago) 
of  total  ignorance  as  to  the  mode  of  origin  of  all  living  things, 
to  a  claim  to  almost  complete  knowledge,  of  the  whole  progress 
of  the  universe,  from  the  first  speck  of  living  protoplasm  up  to 
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the  highest  development  of  the  human  intellect  Yet  this  is 
really  what  we  have  seen  in  the  last  sixteen  years.  Formerly 
difficulties  were  exaggerated,  and  it  was  asserted  that  we  had 
not  sufficient  knowledge  to  venture  on  any  generalizations  on 
the  subject  Now  difficulties  are  set  aside,  and  it  is  held  that 
our  theories  ai*e  so  well  established  and  so  far-reaching,  that 
they  explain  and  comprehend  all  nature.  It  is  not  long  ago  (as 
I  have  already  reminded  you)  since  facts  were  contemptuously 
ignored,  because  they  favored  our  now  popular  views ;  at  the 
present  day  it  seems  to  me  that  facts  whicn  oppose  them  hardly 
receive  due  consideration.  And  as  opposition  to  the  best  in- 
centive to  progress,  and  it  is  not  well  even  for  the  best  theories 
to  have  it  all  their  own  way,  I  propose  to  direct  your  attention 
to  a  few  such  facts,  and  to  the  conclusion  that  seems  fairly 
deducible  from  them. 

It  is  a  curious  circumstance,  that  notwithstanding  the  atten- 
tion that  has  been  directed  to  the  subject  in  every  part  of  the 
world,  and  the  numerous  excavations  connected  witn  railways 
and  mines  which  have  offered  such  facilities  for  geological  dis- 
covery, no  advance  whatever  has  been  made  for  a  considerable 
number  of  years,  in  detecting  the  time  or  the  mode  of  man's 
origin.  Tte  Palaeolithic  flint  weapons  firat  discovered  in  the 
North  of  France  more  than  thirty  years  ago,  are  still  the  oldest 
undisputed  proofe  of  man's  existence;  ana  amid  the  countless 
relics  of  a  former  world  that  have  been  brought  to  light,  no 
evidence  of  any  one  of  the  links  that  must  have  connected  man 
with  the  lower  animals  has  yet  appeared. 

It  is,  indeed,  well  known  that  negative  evidence  in  geology 
is  of  very  slender  value,  and  this  is,  no  doubt,  generally  the 
case.  The  circumstances  here  are,  however,  peculiar,  for  many 
converging  lines  of  evidence  show  that  on  the  theory  of  devel- 
opment by  the  same  laws  which  have  determined  the  develop- 
ment of  the  lower  animals,  man  must  be  immensely  older  than 
any  ti^aces  of  him  yet  discovered.  As  this  is  a  point  of  great 
interest  we  must  devote  a  few  moments  to  its  consideration. 

1.  The  most  important  difference  between  man  and  such  of 
the  lower  animals  as  most  nearlj^  approach  him,  is  undoubtedly 
in  the  bulk  and  development  of  his  brain,  as  indicated  by  the 
form  and  capacity  of  the  cranium.  We  should  therefore  antic- 
ipate that  these  earliest  races,  who  were  contemporarv  with  the 
extinct  animals  and  used  rude  stone  weapons,  would  show  a 
marked  deficiency  in  this  respect  Yet  the  oldest  known 
crania — ^those  of  the  Engis  and  Cro-Magnon  caves — show  no 
marks  of  degradation.  The  former  does  not  present  so  low  a 
type  as  that  of  most  existing  savages,  but  is — to  use  the  words 
of  Prot  Huxley — "a  fair  average  human  skull,  which  might 
have  belonged  to  a  philosopher,  or  might  have  contained  the 
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thoughtless  brains  of  a  savage."  The  latter  are  still  more  re- 
markable, being  unusually  large  and  well-formed.  Dr.  Pruner- 
Bey  states  that  they  surpass  the  average  of  modern  European 
skulls  in  capacity,  while  their  symmetrical  forms,  without  any 
trace -of  prognathism,  compares  favorably  not  only  with  the 
foremost  savage  races,  but  with  many  civilized  nations  of 
modem  timea 

One  or  two  other  crania  of  much  lower  type,  but  of  less  an- 
tiquity than  this,  have  been  discovered ;  but  they  in  no  way 
invalidate  the  conclusion  which  so  highly  developed  a  form  at 
so  early  a  period  implies,  viz.,  that  we  have  as  yet  made  a 
hardly  perceptible  step  toward  the  discovery  of  any  earlier 
stage  in  the  aevelopment  of  man. 

2.  This  conclusion  is  supported  and  enforced  by  the  nature 
of  many  of  the  works  of  art  found  even  in  the  oldest  cave- 
dwellings.  The  flints  are  of  the  old  chipped  type,  but  they  are 
formed  into  a  large  variety  of  tools  and  weapons — sucn  as 
scrapers,  awls,  hammers,  saws,  lances,  &c.,  implying  a  variety 
of  purposes  for  which  these  were  used,  and  a  corresponding 
degree  of  mental  activity  and  civilization.  Numerous  articles 
of  bone  have  also  been  found,  including  well-formed  needles, 
implying  that  skins  were  sewn  together,  and  perhaps  even 
textile  materials  woven  into  cloth.  Still  more  important  are 
numerous  carvings  and  drawings  representing  a  variety  of  ani- 
mals, including  horses,  reindeer,  and  even  a  mammoth,  exe- 
cuted with  considerable  skill  on  bone,  reindeer-horns,  and 
mammoth-tusks.  These,  taken  together,  indicate  a  state  of 
civilization  much  higher  than  that  of  the  lowest  of  our  modern 
savages,  while  it  is  quite  compatible  with  a  considerable  degree 
of  mental  advancement,  and  leads  us  to  believe  that  the  crania 
of  Engis  and  Cro-Magnon  are  not  exceptional,  but  fairly  repre- 
sent the  characters  of  the  race.  If  we  further  remember  that 
these  people  lived  in  Europe  under  the  unfavorable  conditions 
of  a  sub-Arctic  climate,  we  shall  be  inclined  to  agree  with  Dr. 
Daniel  Wilson,  that  it  is  far  easier  to  produce  evidences  of  de- 
terioration than  of  progress  in  instituting  a  comparison  between 
the  contemporaries  of  the  mammoth  and  later  prehistoric  races 
of  Europe  or  savage  nations  of  modem  times.* 

3.  Yet  another  important  line  of  evidence  as  to  the  extreme 
antiquity  of  the  human  type  has  been  brought  prominently  for- 
ward by  Prof.  Mivart.f  He  shows  by  a  careful  comparison  of 
all  parts  of  the  structure  of  the  body,  that  man  is  related,  not 
to  any  one,  but  almost  equally  to  many  of  the  existing  apes — 
to  the  orang,  the  chimpanzee,  the  gorilla,  and  even  to  the 
gibbons — in  a  variety  of  ways ;  and  these  relations  and  differ- 

*  "  Prehistoric  Man,"  3d  ed.,  vol.  i,  p.  117. 
f  "  Man  and  Apes,"  pp.  171-193. 


Address  f»fA.  R  Wallace  at  Uie  Glasgow  Meeting.        877 

ences  are  so  numerous  and  so  diverse  that  on  the  theory  of  evo- 
lution the  ancestral  form  which  ultimately  developed  into  man 
must  have  diverged  from  the  common  stock  whence  all  these 
various  forms  and  their  extinct  allies  originated.  But  so  far 
back  as  the  Miocene  deposits  of  Europe,  we  find  the  remains  of 
apes  allied  to  these  various  forms,  and  especially  to  the  gibbons, 
so  that  in  all  probability  the  special  line  of  variation  wnich  led 
up  to  man  branched  off  at  a  still  earlier  period.  And  these 
early  forms,  being  the  initiation  of  a  far  higher  type,  and  hav- 
ing to  develop  by  natural  selection  into  so  specialized  and 
altogether  distmct  a  creature  as  man,  must  have  risen  at  a  very 
early  period  into  the  position  of  a  dominant  race,  and  spread  in 
dense  waves  of  population  over  all  suitable  portions  of  the 
great  continent — for  this,  on  Mr.  Darwin's  hypothesis,  is  essen- 
tial to  rapid  developmental  progress  through  the  agency  of 
natural  selection. 

Under  these  circumstances  we  might  certainly  expect  to  find 
some  relics  of  these  earlier  forms  of  man  along  with  those  of 
animals  which  were  presumably  less  abundant  Negative  evi- 
dence of  this  kind  is  not  very  weighty,  but  still  it  has  some 
value.  It  has  been  suggested  that  as  apes  are  mostly  tropical, 
and  the  anthropoid  apes  are  now  confined  almost  exclusively 
to  the  vicinity  of  the  equator,  we  should  expect  the  ancestral 
forms  also  to  nave  inhabited  these  same  localities — West  Africa 
and  the  Malay  islands.  But  this  objection  is  hardly  valid, 
because  existing  anthropoid  apes  are  wholly  dependent  on  a 
perennial  supply  of  easily  accessible  fruits,  which  is  only  found 
near  the  equator,  while  not  only  had  the  south  of  Europe  an 
almost  tropical  climate  in  Miocene  limes,  but  we  must  suppose 
even  the  earliest  ancestors  of  man  to  have  been  terrestrial  and 
omnivorous,  since  it  must  have  taken  ages  of  slow  modification 
to  have  produced  the  perfectly  erect  form,  the  short  arms,  and 
the  wholly  non-prehensile  foot,  which  so  strongly  differentiate 
man  from  the  apes. 

The  conclusion  which  I  think  we  must  arrive  at  is,  that  if 
man  has  been  developed  from  a  common  ancestor,  with  all  ex- 
isting apes,  and  by  no  other  agencies  than  suck  as  have  affected 
their  dev^lo/tmenl,  then  he  must  have  existed  in  something  ap- 
proaching his  present  form,  during  the  tertiary  period — and  not 
merely  existed,  but  predominated  in  numbers,  wherever  suita- 
ble conditions  prevail.  If  then  continued  researches  in  all 
parts  of  Europe  and  Asia  fail  to  bring  to  light  any  proofs  of 
his  presence,  it  will  be  at  least  a  presumption  that  he  came  into 
existence  at  a  much  later  date,  and  by  a  much  more  rapid  pro- 
cess of  development  In  that  case  it  will  be  a  fair  argument, 
that,  just  as  he  is  in  his  mental  and  moral  nature,  his  capacities 
and  aspirations,  so  infinitely  raised  above  the  brutes,  so  his 
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origin  is  due  to  distinct  and  higher  agencies  than  such  as  have 
aflPected  their  development 

There  is  yet  another  line  of  inquiry  bearing  upon  this  sub- 
ject to  which  I  wish  to  call  your  attention.  It  is  a  somewhat 
curious  fact,  that,  while  all  modern  writers  admit  the  great  an- 
tiquity of  man,  most  of  them  maintain  the  very  recent  develop- 
ment of  his  intellect,  and  will  hardly  contemplate  the  possibility 
of  men  equal  in  mental  capacity  to  ourselves,  having  existed  in 
prehistoric  times.  This  question  is  generally  assumed  to  be 
settled,  by  such  relics  as  have  been  preservea  of  the  manu&c- 
tures  of  the  older  races  showing  a  lower  and  lower  state  of  the 
arts;  by  the  successive  disappearance  in  early  times  of  iron, 
bronze,  and  pottery ;  and  by  the  ruder  forms  of  the  older  flint 
implements.  The  weakness  of  this  argument  has  been  well 
shown  by  Mr.  Albert  Mott  in  his  very  original,  but  little 
known  presidential  address  to  the  Literary  and  Philosi>phical 
Society  of  Liver|xx)l  in  1873.  He  maintains  that  '*  our  most 
distant  glimpses  of  the  past  are  still  of  a  world  peopled  as  now 
with  men  both  civilized  and  savage" — and,  "that  we  have  often 
entirely  misread  the  past  by  supposing  that  the  outward  signs 
of  civilization  must  always  be  the  same,  and  must  be  such  as 
are  found  among  ourselves."  In  support  of  this  view  he  ad- 
duces a  variety  of  striking  facts  and  ingenious  ai^uments,  a  few 
of  which  I  will  briefly  summarize. 

On  one  of  the  most  remote  islands  of  the  Pacific — Easter 
Island — 2,000  miles  from  South  America,  2,000  from  the  Mar- 
quesas, and  more  than  1,000  from  the  Gambler  Islands,  are 
found  hundreds  of  gigantic  stone  images,  now  mostly  iu  ruins, 
often  thirty  or  forty  feet  high,  while  some  seem  to  have  been 
much  larger,  the  crowns  on  their  heads  cut  out  of  a  red  stone 
being  sometimes  ten  feet  in  diameter,  while  even  the  head  and 
neck  of  one  is  said  to  have  been  twenty  feet  high.*  These 
once  stood  erect  on  extensive  stone  platforms,  yet  the  island 
has  only  an  area  of  about  thirty  square  miles,  or  considerably 
less  than  Jersey.  Now  as  one  of  the  smallest  images  eight  feet 
high  weighs  four  tons,  the  largest  must  weigh  over  a  hundred 
tons,  if  not  much  more;  and  the  existence  of  such  vast  works 
implies  a  large  population,  abundance  of  food,  and  an  estab- 
lished government  Yet  how  could  these  coexist  in  a  mere 
speck  of  land  wholly  cut  oS*from  the  rest  of  the  world?  Mr. 
Mott  maintains  that  this  necessarily  implies  the  power  of  regu- 
lar communication  with  larger  islands  or  a  continent,  the  arts 
of  navigation,  and  a  civilization  much  higher  than  now  exists 
in  any  part  of  the  Pacific.  Very  similar  remains  in  other 
islands  scattered  widely  over  the  Pacific  add  weight  to  this 
argument 

*  Joum.  of  Roy.  Gteog.  Soc.,  1870,  pp.  177,  178. 
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The  next  example  is  that  of  the  ancient  mounds  and  earth- 
works of  the  North  American  continent,  the  bearing  of  which 
is  even  more  significant.  Over  the  greater  part  of  the  exten- 
sive Mississippi  valley  four  well-marked  classes  of  these  earth- 
works occur.  Some  are  camps,  or  works  of  defence,  situated 
on  bluffs,  promontories,  or  isolated  hills;  others  are  vast  inclos- 
ures  in  the  plains  and  lowlands,  often  of  geometric  forms,  and 
having  attached  to  them  roadways  or  avenues  often  miles  in 
length ;  a  third  are  mounds  corresponding  to  our  tumuli,  often 
seventy  to  ninety  feet  high,  and  some  of  them  covering  acres  of 
ground;  while  a  fourth  group  consist  of  representations  of 
various  animals  modelled  in  relief  on  a  gigantic  scale,  and  oc- 
curring chieflv  in  an  area  somewhat  to  the  north-west  of  the 
other  classes,  in  the  plains  of  Wisconsin. 

The  first  class — the  camps  or  fortified  inclosures — resemble  in 
general  features  the  ancient  camr^s  of  our  own  islands,  but  far 
surpass  them  in  extent  Fort  Hill,  in  Ohio,  is  surrounded  by  a 
wall  and  a  ditch  a  mile  and  a  half  in  length,  part  of  the  way 
cut  through  solid  rock.  Artificial  reservoirs  for  water  were 
made  within  it,  while  at  one  extremity,  on  a  more  elevated 
point,  a  keep  is  constructed  with  its  separate  defences  and 
water-reservoirs.  Another,  called  Clark's  Work,  in  the  Scioto 
valley,  which  seems  to  have  been  a  fortified  town,  incloses  an 
area  of  127  acres,  the  embankments  measuring  three  miles  in 
length,  and  containing  not  less  than  three  million  cubic  feet  of 
earth.  This  area  incloses  numerous  sacrificial  mounds  and 
symmetrical  earth-works  in  which  many  interesting  relics  and 
works  of  art  have  been  found. 

The  second  class — the  sacred  inclosures — may  be  compared 
for  extent  and  arrangement  with  Avebury  or  Oarnak — but  are 
in  some  respects  even  more  remarkable.  One  of  these,  at 
Newark,  Ohio,  covers  an  area  of  several  miles  with  its  con- 
nected groups  or  circles,  octagons,  squares,  ellipses,  and  ave- 
nues, on  a  grand  scale,  and  formed  by  embankments  from 
twenty  to  thirty  feet  in  height  Other  similar  works  occur  in 
different  parts  of  Ohio,  and  by  accurate  survey  it  is  found  not 
only  that  the  circles  are  true,  though  some  of  them  are  one- 
third  of  a  mile  in  diameter,  but  that  other  figures  are  truly 
square,  each  side  being  over  1.000  feet  long,  and,  what  is  still 
more  important,  the  dimensions  of  some  of  these  geometrical 
figures  in  different  parts  of  the  country  and  seventy  miles  apart 
are  identical.  Now  this  proves  the  use,  by  the  builders  of 
these  works,  of  some  standard  measures  of  length,  while  the 
accuracy  of  the  squares,  circles,  and,  in  a  less  degree,  of  the 
octagonal  figures — shows  a  considerable  knowledge  of  rudimen- 
tary geometry,  and  some  means  of  measuring  angles.  The 
dimculty  of  drawing  such  figures  on  a  large  scale  is  much 
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^eater  than  any  one  would  imagine  who  has  not  tried  it,  and 
tne  accuracy  of  these  is  far  beyond  what  is  necessary  to  satisiy 
the  eye.  We  most  therefore  impute  to  these  people  the  wish 
to  make  these  figures  as  accurate  as  possible,  and  this  wish  is  a 
greater  proof  of  habitual  skill  and  intellectual  advancement 
than  even  the  ability  to  draw  such  figures.  If,  then,  we  take 
into  account  this  ability  and  this  love  of  geometric  truth,  and 
further  consider  the  dense  population  and  civil  organization 
implied  by  the  constmction  of  such  extensive  systematic  works 
we  must  allow  that  these  people  had  reached  tne  earlier  stages 
of  a  civilization  of  which  no  traces  existed  among  the  savage 
tribes  who  alone  occupied  the  country  when  first  visited  by 
Europeans. 

The  animal  mounds  are  of  comparatively  less  importance  for 
our  present  purpose,  as  they  imply  a  somewhat  lower  grade  of 
advancement ;  but  the  sepulchral  and  sacrificial  mounds  exist  in 
vast  numbers,  and  their  partial  exploration  has  yielded  a  Quantity 
of  articles  and  works  01  art,  which  throw  some  further  light  on 
the  peculiarities  of  this  mysterious  peopla  Mostof  these  mounds 
contain  a  large  concave  hearth  or  basis  of  burnt  clay,  of  per- 
fectly symmetrical  form,  on  which  are  found  deposited  more  or 
less  abundant  relics,  all  bearing  traces  of  the  action  of  fire.  We 
are,  therefore,  only  acquainted  with  such  articles  as  are  practi* 
cally  fire-proof.  These  consist  of  bone  and  copper  implements 
and  ornaments,  discs,  and  tubes — pearl,  shell  and  silver  beads, 
more  or  less  injured  by  the  fire — ornaments  cut  in  mica,  orna- 
mental pottery,  and  numbers  of  elaborate  carvings  in  stone, 
mostly  forming  pipes  for  smoking.  The  metallic  articles  are  all 
formed  by  hammering,  but  the  execution  is  very  good ;  plates 
of  mica  are  found  cut  into  scrolls  and  circles;  the  pottery,  of 
which  very  few  remains  have  been  found,  is  far  superior  to  that 
of  any  of  tne  Indian  tribes,  since  Dr.  Wilson  is  of  opinion  that  they 
must  have  been  formed  on  a  wheel,  as  they  are  often  of  uniform 
thickness  throughout  (sometimes  not  more  than  one  sixth  of  an 
inch)  polished,  and  ornamented  with  scrolls  and  figures  of  birds 
and  flowers  in  delicate  relief.  But  the  most  instructive  objects 
are  the  sculptured  stone  pipes,  representing  not  only  various 
easily  recognizable  animals,  but  also  human  heads,  so  well  exe- 
cuted that  they  appear  to  be  portraits.  Among  the  animals, 
not  only  are  such  native  forms  as  the  panther,  bear,  otter,  wolf, 
beaver,  raccoon,  heron,  crow,  turtle,  frog,  rattlesnake,  and  many 
others,  well  represented,  but  also  the  manatee,  which  perhaps 
then  ascended  the  Mississippi  as  it  now  does  the  Amazon,  and 
the  toucan,  which  could  hardlv  have  been  obtained  nearer  than 
Mexico.  The  sculptured  heads  are  especially  remarkable,  be- 
cause they  present  to  us  the  features  of  an  intellectual  and 
civilized  people.     The  nose  in  some  is  perfectly  straight,  and 
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neither  prominent  nor  dilated,  the  mouth  is  small,  and  the  lips 
thin,  the  chin  and  upper  lip  are  short,  contrasting  with  the  pon- 
derous jaw  of  the  modem  Indian,  while  the  cheek-bones  pre- 
sent no  marked  prominence.  Other  examples  have  the  nose 
somewhat  projecting  at  the  apex  in  a  manner  quite  unlike  the 
features  of  any  American  indigenes,  and,  although  there  ape 
some  which  show  a  much  coarser  face,  it  is  very  difficult  to  see 
in  any  of  them  that  close  resemblance  to  the  Indian  type  which 
these  sculptures  have  been  said  to  exhibit.  The  few  authentic 
crania  from  the  mounds  present  corresponding  features,  being 
far  more  symmetrical  and  better  developed  in  the  frontal  region 
than  those  of  any  American  tribes,  although  somewhat  re- 
sembling them  in  the  occipital  outline  ;*  while  one  was 
described  by  its  discoverer  (Mr.  W.  Marshall  Anderson)  as  **  a 
beautiful  skull  worthy  of  a  Greek." 

The  antiquity  of  this  remarkable  race  may  perhaps  not  be 
very  great,  as  compared  with  the  prehistoric  man  of  Europe, 
although  the  opinions  of  some  writers  on  the  subject  seem 
affected  by  that  "  parsimony  of  time"  on  which  the  late  Sir 
Charles  Lyell  so  often  dilated.  The  mounds  are  all  overgrown 
with  dense  forest,  and  one  of  the  large  trees  was  estimated  to 
be  eight  hundred  years  old,  while  other  observers  consider  the 
forest  growth  to  indicate  an  age  of  at  least  1,000  years.  But  it 
is  well  known  that  it  requires  several  generations  of  trees  to 
pass  away  before  the  growth  on  a  deserted  clearing  comes  to 
correspond  with  that  of  the  surrounding  virgin  forest,  while 
this  forest,  once  established,  may  go  on  growing  for  an  unknown 
number  of  thousands  of  years.  The  800  or  1,000  years'  estimate 
from  the  growth  of  existing  vegetation  is  a  minimum  which 
has  no  bearing  whatever  on  the  actual  age  of  these  mounds, 
and  we  might  almost  as  well  attempt  to  determine  the  time  of 
the  glacial  epoch  from  the  age  of  the  pines  or  oaks  which  now 
grow  on  the  moraines. 

The  important  thing  for  us,  however,  is  that  when  North 
America  was  first  settled  by  Europeans,  the  Indian  tribes  in- 
habiting it  had  no  knowledge  or  tradition  of  any  preceding 
TBn^e  of  higher  civilization  than  themselves.  Yet  we  find  that 
such  a  race  existed  ;  that  they  must  have  been  populous  and 
have  lived  under  some  established  government ;  while  there  are 
signs  that  they  practised  agriculture  largely,  as  indeed  they 
must  have  done  to  have  supported  a  population  capable  of 
executing  such  gigantic  works  m  such  vast  profusion — for  it  is 
stated  that  the  mounds  and  earthworks  of  various  kinds  in  the 
State  of  Ohio  alone  amount  to  between  eleven  and  twelve 
thousand.  In  their  habits,  customs,  religion,  and  arts,  they 
differed  strikingly  from  all  the  Indian  tribes ;  while  their  love 
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of  art  and  of  geometric  forms,  and  tbeir  capacity  for  executing 
the  latter  upon  so  gigantic  a  scale,  render  it  probable  that  they 
were  a  really  civilized  people,  although  the  form  their  civiliza- 
tion took  may  have  been  very  different  from  that  of  later 
people  subject  to  very  different  influences,  and  the  inheritors 
of  a  longer  series  of  ancestral  civilizations.  We  have  here,  at 
all  events,  a  striking  example  of  the  transition,  over  an  exten- 
sive country,  from  comparative  civilization  to  comparative 
barbarism,  the  former  having  left  no  tradition,  and  hanily  any 
trace  of  influence  on  the  latter. 

As  Mr.  Mott  well  remarks  : — Nothing  can  be  more  striking 
than  the  fact  that  Easter  Island  and  North  America  both  give 
the  same  testimony  as  to  the  origin  of  the  savage  life  found  in 
them,  although  in  all  circumstances  and  surroundings  the  two 
cases  are  so  different.  If  no  stone  monuments  had  been  con- 
structed in  Easter  Island,  or  mounds,  containing  a  few  relics 
saved  from  fire,  in  the  United  States,  we  might  never  have 
suspected  the  existence  of  these  ancient  peoples.  He  argues, 
therefore,  that  it  is  very  easy  for  the  records  of  an  ancient 
nation's  life  entirely  to  perish,  or  to  be  hidden  from  observa- 
tion. Even  the  arts  of  Nineveh  and  Babylon  were  unknown 
only  a  generation  ago,  and  we  have  only  just  discovered  the 
facts  about  the  mound-builders  of  North  America. 

But  other  parts  of  the  American  continent  exhibit  parallel 
phenomena.  Kecent  investigations  show  that  in  Mexico,  Cen- 
tral America,  and  Peru,  the  existing  race  of  Indians  has  been 
preceded  by  a  distinct  and  more  civilized  race.  This  is  proved 
by  the  sculptures  of  tlie  ruined  cities  of  Central  America,  by 
the  more  ancient  terracottas  and  paintings  of  Mexico,  and  by 
the  oldest  protrait-pottery  of  Peru.  All  alike  show  markedly 
non-Indian  features,  while  they  often  closely  resemble  modem 
European  types.  Ancient  crania,  too,  have  been  found  in  all 
these  countries,  presenting  very  different  characters  from  those 
of  any  of  the  modem  indigenous  races  of  America.* 

There  is  one  other  striking  example  of  a  higher  being  suc- 
ceeded by  a  lower  degree  of  knowledge,  which  is  in  danger  of 
being  forgotten  because  it  has  been  made  the  foundation  of 
theories  which  seem  wild  and  fantastic,  and  are  probably  in 
great  [)art  erroneous.  I  allude  to  the  Great  Pyramid  of  Egypt, 
whose  form,  dimensions,  structure,  and  uses  have  recently  been 
the  subject  of  elaborate  works  by  Professor  Piazzi  Smyth. 
Now,  the  admitted  fact  about  this  pyramid  are  so  interesting 
and  so  apposite  to  the  subject  we  are  considering,  that  I  beg  to 
recall  them  to  your  attention.  Most  of  you  are  aware  that  this 
pyramid  has  been  carefully  explored  and  measured  by  succes- 
sive Egyptologists,  and  that  the  dimensions  have  lately  become 
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capable  of  more  accurate  determination  owing  to  the  discovery 
of  some  of  the  original  casing-stones  and  the  clearing  away  of 
the  earth  from  the  corners  of  the  foundation,  showii^  the 
sockets  in  which  the  corner-stones  fitted.  Professor  Smyth 
devoted  many  months  of  work  with  the  best  instruments  in 
order  to  fix  the  dimensions  and  angles  of  all  accessible  parts  of 
the  structure  ;  and  he  has  carefully  determined  these  by  a  com- 
parison of  his  own  and  all  previous  measures,  the  best  of  which 
agree  pretty  closely  with  each  other.  The  results  arrived  at 
are — 

1.  That  the  pyramid  is  truly  square,  the  sides  being  equal 
and  the  angles  right  angles. 

2.  That  the  four  sockets  on  which  the  four  first  stones  of  the 
corners  rested  are  truly  on  the  same  level. 

8.  That  the  direction  of  the  sides  are  accurately  to  the  four 
cardinal  points. 

4.  That  the  vertical  height  of  the  pyramid  bears  the  same 
proportion  to  its  circumference  at  the  base,  as  tlie  radius  of  a 
circle  does  to  its  circumference. 

Now  all  these  measures,  angles,  and  levels  are  accurate,  not 
as  an  ordinary  surveyor  or  builder  could  make  them,  but  to 
such  a  degree  as  requires  the  very  best  modern  instruments  and 
all  the  refinements  of  geodetical  science  to  discover  any  error 
at  all.  In  addition  to  this  we  have  the  wonderful  perfection  of 
the  workmanship  in  the  interior  of  the  pyramid,  the  passages 
and  chambers  being  lined  with  huge  blocks  of  stones  fitted 
with  the  utmost  accuracy,  while  every  part  of  the  building 
exhibits  the  highest  structural  science. 

In  all  these  respects  this  largest  pyramid  surpasses  every 
other  in  Egypt  Yet  it  is  universally  admitted  to  be  the  ola- 
est,  and  also  the  oldest  historical  building  in  the  world. 

Now  these  admitted  facts  about  the  Great  Pyramid  are  surely 
remarkable,  and  worthy  of  the  deepest  consideration.  They 
are  facts  which,  in  the  pregnant  words  of  the  late  Sir  John 
Herschel,  "  according  to  received  theories  ought  not  to  happen,'' 
and  which,  he  tells  us,  should  therefore  be  kept  ever  present  to 
our  minds,  since  "they  belong  to  the  class  of  facts  which  serve 
as  the  clue  to  new  discoveries."  According  to  modem  theories, 
the  higher  civilization  is  ever  a  growth  and  an  outcome  from  a 
preceding  lower  state;  and  it  is  inferred  that  this  progress  is 
visible  to  us  throughout  all  history  and  in  all  the  material 
records  of  human  intellect.  But  here  we  have  a  building  which 
mnrks  the  very  dawn  of  history — which  is  the  oldest  authentic 
monument  of  man's  genius  and  skill,  and  which,  instead  of 
being  far  inferior,  is  very  much  superior  to  all  which  followed 
it.  Great  men  are  the  products  of  their  age  and  country,  and 
the  designer  and  constructors  of   this  wonderfal  TSiQ\i\i\£L^\^N» 
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could  never  have  arisen  among  an  unintellectual  and  balf-ba^ 
barous  peopla  So  perfect  a  work  implies  many  preceding  less 
perfect  works  which  have  disappeared.  It  marks  the  culmina- 
ting point  of  an  ancient  civilization,  of  the  early  stages  of  which 
we  have  no  record  whatever. 

The  three  cases  to  which  I  have  now  adverted  (and  there 
are  many  otliers)  seem  to  require  for  their  satisfactory  inter- 
pretation a  somewhat  different  view  of  human  progress  from 
that  which  is  now  generally  accepted.  Taken  in  connection 
with  the  great  intellectual  power  of  the  ancient  Greeks — which 
Mr.  Galton  believes  to  have  been  far  above  that  of  the  average 
of  any  modern  nation — and  the  elevation,  at  onc-e  intellectual  and 
moral,  displayed  in  the  writings  of  Confucius,  Zoroaster,  and 
the  Vedas,  they  point  to  the  conclusion,  that,  while  in  material 

!)rogress  there  has  been  a  tolerably  steady  advance,  man's  intel- 
ectual  and  moral  development  reached  almost  its  highest  level 
in  a  very  remote  past  The  lower,  the  more  animal,  but  often 
the  more  energetic  types,  have  however  always  been  far  the 
more  numerous;  hence  such  established  societies  as  have  here 
and  there  arisen  under  the  guidance  of  higher  minds,  have 
always  been  liable  to  be  swept  away  by  the  incursions  of  bar- 
barians. Thus  in  almost  every  part  of  the  globe  there  may 
have  been  a  long  succession  of  partial  civilization,  each  in  turn 
succeeded  by  a  period  of  barbarism ;  and  this  view  seems  sup- 
ported by  the  occurrence  of  degraded  types  of  skull  along  with 
such  "as  might  have  belonged  to  a  philosopher" — at  a  time 
when  the  mammoth  and  the  reindeer  inhabited  southern  France. 

Nor  need  we  fear  that  there  is  not  time  enough  for  the  rise 
and  decay  of  so  many  successive  civilizations  as  this  view  would 
imply  ;  for  the  opinion  is  now  gaining  ground  among  geologists 
that  paleolithic  man  was  really  preglacial,  and  that  the  great 
gap — marked  alike  by  a  change  of  physical  conditions,  and  of 
animal  life — which  in  Europe  always  separates  him  from  his 
neolithic  successor,  was  caused  by  the  coming  on  and  passing 
away  of  the  great  ice  age. 

If  the  views  now  advanced  are  correct,  many,  perhaps  most, 
of  our  existing  savages,  are  the  successors  of  higher  races ;  and 
their  arts,  often  showing  a  wonderful  similarity  in  distant  con- 
tinents, may  have  been  derived  from  a  common  source  among 
more  civilized  peoples. 

I  must  now  conclude  this  very  imperfect  sketch  of  a  few  of 
the  offshoots  from  the  great  tree  of  Biological  study.  It  will, 
perhaps,  be  thought  by  some  that  my  remarks  have  tended 
to  the  depreciation  of  our  science,  by  hinting  at  imperfections 
in  our  knowledge  and  errors  in  our  theories,  where  more  enthu- 
siastic students  see  nothing  but  established  truths.  But  I  trust 
that  I  may  have  conveyed  U)  many  of  my  hearers  a  different 
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impression.  I  have  endeavored  to  show  that  even  in  what  are 
usually  considered  the  more  trivial  and  superficial  characters 
presented  by  natural  objects,  a  whole  field  of  new  inquiry  is 
opened  up  to  us  by  the  study  of  distribution  and  local  condi- 
tions. And  as  regards  man,  I  have  endeavored  to  fix  your 
attention  on  a  class  of  facts  which  indicate  that  the  course  of 
his  development  has  been  far  less  direct  and  simple  than  has 
hitherto  been  supposed ;  and  that,  instead  of  resembling  a 
single  tide  with  its  advancing  and  receding  ripples,  it  must 
rather  be  compared  to  the  progress  from  neap  to  spring  tides, 
both  the  rise  and  the  depression  being  comparatively  greater  as 
the  waters  of  true  civilization  slowly  advance  towards  the 
highest  level  they  can  reach. 

And  if  we  are  thus  led  to  believe  that  our  present  knowledge 
of  nature  is  somewhat  less  complete  than  we  have  been  accus« 
tomed  to  consider  it,  this  is  only  what  we  might  expect ;  for 
however  great  may  have  been  the  intellectual  triumphs  of  the 
nineteenth  century,  we  can  hardly  think  so  higtily  of  its 
achievements  as  to  imagine  that,  in  somewhat  less  than  twenty 
years,  we  have  passed  from  complete  ignorance  to  almost  per- 
fect knowledge  on  two  such  vast  and  complex  subjects  as  the 
origin  of  species  and  the  antiquity  of  man. 
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1.  On  the  Pyrogenic  Hydrocarbons  in  Coal  Oas. — Bebthblot 
has  made  a  study  of  the  hydro-carbons  in  coal  gas,  which  tends 
to  confirm  his  theory  of  the  formation  of  these  bodies  by  the  ac- 
tion of  acetylene  and  hydrogen  at  high  temperatures.  In  the 
Paris  gas  for  example,  he  finds  that  he  can  detect  benzene  by 
exposing  two  or  three  cubic  centimeters  to  a  drop  of  fuming 
nitric  acid.  On  diluting  with  water,  the  characteristic  odor  of 
nitrobenzene  appears.  Fifty  liters  of  gas  passed  through  8  or  10 
C.C.  of  the  acid,  gives  enough  nitrobenzene  when  diluted,  to 
weigh  ;  from  which  it  appears  that  the  gas  contains  two  or  three 
volumes  of  benzene  vapor  in  the  hundred.  More  accurate  deter- 
mination gives  3  to  3*5  volumes.  Next  to  methane,  therefore, 
benzene  is  the  principal  hydrocarbon  in  this  gas  and  is  the  illu- 
minanty  par  excellence.  Ethylene  and  acetylene,  though  present, 
exist  in  minute  proportion,  only  two  to  three  thousandths.  Pro- 
pylene, butylene,  and  ally lene  are  found,  in  amount  about  two-tenths 
per  cent.  They  were  detected  by  passing  the  gas  first  through 
Btdphuric  acid  diluted  with  its  own  volume  of  water,  and  then 
through  a  column  of  pumice  stone  wet  with  concentrated  sulphuric 
add.    A  tarry  substance  collected  in  the  first  vessel,  which  yielded 
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no  products  volatile  below  360°-400®,  and  was  probably  composed 
of  polymers  of  some  easily  alterable  hydrocarbon.  The  acid  itself^ 
fractionated,  gave  acetone,  0*25  gram  per  100  cubic  meters,  comr 
ing  from  the  hydration  of  allylene.  The  sulphuric  acid  collected 
beneath  the  pumice  column  gave  two  layers.  The  lower  one  con- 
sisted of  the  acid,  more  or  less  altered.  Diluted  with  water,  a 
tarry  substance  of  high  boiling  point  separated,  probably  poly- 
merized hydrocarbons.  The  acid  liquid  gave  inopropyl  alcohol 
on  distillation,  thus  proving  the  existence  of  propylene^  The 
upper  layer  of  liquid,  in  amount  about  25  grams  to  100  cubic 
meters  or  gas,  consisted  of  hydrocarbons,  and  gave  on  fractioning, 
benzene  (with  a  little  toluene)  2  per  cent,  mesitylene  (C^Hjg) 
6  per  cent,  cymene  (C ^  ^,H,  4)  20  per  cent,  tricrotonylene  (0 ,  ^H ,  g) 
80  per  cent,  colophene  (Cj^H^.)  32  per  cent,  residue  fixed  jat 
320  5  per  cent,  intermediate  products  and  loss  6  per  cent  =100. 
In  one  million  volumes  of  this  gas,  consequently,  there  are  by  this 
analysis : 

Benzene  (C,H.)  in  vapor  30000  to  35000 

Acetylene  (C^Ha)  1000  (about) 

Ethylene  (C-H. )  1000  to  2000 

Propylene  (CsHe)  2-5 

Allylene  (C3H  J  8 

Butylene  (C^Hg)  and  analogues  traces 

Crotonylene  (C^Hg)  31      V        181 

Terene  (C^Hg)  12 

Hydrocarb's  transfor'd  into  fixed  polymers,  est'd  83 
Diacetylene  and  analogous  hydrocarbons,  est'd  15 

The  author  regards  these  products  as  derived  according  to  the 
reactions  upon  which  he  founds  his  theory,  from  the  four  funda- 
mental hydrocarbons  acetylene  C^IIg,  ethylene  C^H^,  dimethyl 
CgHg,  and  methane  CH^.  These,  together  with  hydrogen  form- 
ing a  system  in  equilibrium,  such  that,  at  a  red  heat  they  are  all 
formed  from  any  one  of  them  as  the  starting  point.  Thus  from 
methane  comes  directly  ethylene  (CoH^)  or  (CHg)^,  propylene 
(CH2)3  and  the  series  of  polymers  (CII^)„.  Acetylene  produces 
benzene  CgH^  or  (Cg  112)3,  *°^  ^^^  series  of  polymers  (CjHg)^ 
Moreover,  from  the  union  of  two  of  these  fundamental  hydrocar- 
bons, more  complex  bodies  come :  acetylene  and  benzene  giving 
styrolene  CgHg  ;  acetylene  and  styrolene,  naphthalene  Cj^Hg; 
acetylene  and  naphthalene,  acenaphthene  CjgHio  ;  and  styrolene 
and  benzene,  anthracene  C,^H|q.  So  acetylene  combines  at  a 
dull  red  heat  with  ethylene  to  foim  ethylacetylene  C^Hg,  and 
with  propylene  to  yield  propylacetylene  C^Hg,  the  former  iden- 
tical with  crotonylene,  the  latter  with  terene.  The  uselessness  of 
the  present  eudiometric  method  of  deterrainin£y  the  illuminants 
in  gas  analysis  is  obvious  from  these  results. — J3ull.  Soc,  Ch,,  11, 
xxvi,  104,  Aug.,  IrtVe.  g.  f.  r 

2.   Occurrence  of  Benzene  in  Bosin  Oil, — Watson  Smith  has 
examined  the  light  oils  obtained  as  a  bye-product  in  the  refining 
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of  rosin  by  distillation  in  a  current  of  super-heated  steam.  In 
1867,  he  examined  a  sample  which  began  to  boil  at  50°  and  which 
distilled  almost  completely  below  100°.  On  fractioning,  a  liquid 
was  obtained  boiling  between  80°  and  85°  which  had  the  proper- 
ties of  benzene,  though  contaminated  with  turpentine-products. 
Meantime  changes  had  been  made  in  the  works,  a  much  higher 
temperature  bemg  employed.  A  sample  from  the  first  run  of 
the  rectifying  still,  examined  in  1875,  oegan  to  boil  at  109°,  and 
to  condense  at  116°.  When  fractionated,  toluene  was  the  sub- 
stance of  lowest  boiling  point  obtained.  Hence  the  temperature 
of  distillation  determines  the  products. — J.  Chevn.  >Soc.,  II,  xxx, 
29,  July,  1876.  G.  P.  B. 

3.  (M  the  Constitution  of  the  Benzene  Derivatives. — Wro- 
BLEWSKY  described  in  1875  two  metabromtoluenes  having  identi- 
cal properties,  in  one  of  which  the  methyl  and  the  bromine  atoms 
occupied  the  1 :  3  position  according  to  Kekul^'s  theory,  in  the 
other  the  1 : 5  position.  He  now  describes  two  ortho-toluidines 
having  the  methyl  and  amidogen  groups  respectively  in  the  posi- 
tions 1 :  2  and  1 :  6.  Starting  with  dibromparatoluidine,  in  which 
the  two  bromine  atoms  occupy  the  positions  3  and  5,  the  methyl 
and  amidogen  groups  1  and  4,  the  author  replaced  the  amidogen 
by  iodine,  thus  forming  C^H^BrjI,  dibromparaiod toluene.  By  the 
action  of  fuming  nitric  acid  a  nitroderivative  C^H^BrglNO^  was 
obtained,  in  which  the  nitryl  must  occupy  the  position  2  or  the 
position  6.  On  reduction  with  tin  and  hydrochloric  acid  this  gave 
CyH^Br2lNH2,  and  this  by  the  action  of  sodium  amalgam  gave 
orthotoluidine,  C^lIyNHj.  For  the  second  substance,  the  meta- 
dibrom-paraiod-ortho-toluidine  was  converted  by  the  method  of 
Griess  into  C^  H.Br  gig  dibrom-diiod-toluene.  This  gave  a  nitro- 
derivative CyHgBrgljNOj,  in  which  the  nitryl  must  occupy  the 
position  6  if  the  former  had  2  ;  or  the  reverse.  By  reducing  the 
amido-product  obtained  from  this  with  sodium  amalgam,  a  second 
ortho-toluidine  was  obtained,  identical  in  properties  with  the  for- 
mer, thus  adding  a  new  confirmation  to  Kekule's  theory.  The 
progress  of  the  replacements  is  thus  represented  : 
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4.  On  the  Action  of  Malt-extract  on  Starch, — O'Suixivan  has 
examined  more  fully  the  conditions  under  which  malt-extract  acts 
on  starch.  He  formalates  his  conclusions  as  follows:  (1)  Maltose 
and  dextrin  are  the  only  products  of  the  action  of  malt-extract 
on  starch.  (2)  Cold  malt-extract  does  not  act  on  uneelatinized 
starch.  (3)  Malt-extract  begins  to  dissolve  starch  at  tne  temper- 
ature of  gelatinization  or  a  few  degrees  lower.  (4)  Malt-extract 
dissolves  gelatinized  starch  in  the  cold,  (10°  to  20°)  almost  com- 
pletely if  the  gelatinization  be  perfect.  (5)  When  starch  is  dis- 
solved by  malt-extract  at  any  temperature  below  63°,  if  the  solution 
be  immediately  (6  or  1 0  minutes)  cooled  and  filtered,  the  product 
invariably  contains  maltose  and  dextrin  in  proportions  agreeing 
closely  with  67 '86  per  cent  of  the  former,  and  32 -16  per  cent  of  the 
latter.  (6)  If  the  temperature  of  the  action  be  between  64°  and 
68°-70°,  the  maltose  present  is  34*54  per  cent  and  the  dextrin  65*46 
per  cent.  (7)  If  the  temperature  be  between  68°  and  70°  and  the 
point  at  which  the  activity  of  the  transforming  agent  is  destroyed, 
the  maltose  and  dextrin  are  in  the  proportion  of  17*4  to  82*6  per 
cent.  The  decomposition  of  starch  into  maltose  and  dextrin  is 
molecular  and  takes  place  according  to  three  equations,  correspond- 
ing to  the  conditions  in  (5),  (6)  and  (7)  abova  Dextrin  is  con- 
verted into  maltose  by  a  slow  and  gradual  process  of  hydration. 
— J,  Chem,  4S0C.,  XXX,  125,  Aug.,  1876.  g.  f.  b. 

6.  Detection  of  Carhamic  acid  in  Animal  fluids. — Hofmeistbb 
has  examined  the  evidence  upon  which  Drechsel  based  his  asser- 
tion that  carbaniic  acid  is  produced  wherever  nitrogenous  sub- 
stances are  oxidized  in  alkaline  solutions,  and  hence  exists  in  the 
blood.  He  finds  that  the  reactions  upon  which  Drechsel  based 
his  opinion  are  untrustworthy,  inasmuch  as  the  production  of  a 
precipitate  on  boiling,  after  having  filtered  off  the  precipitate  pro- 
ducea  by  calcium  nitrate,  cannot  be  taken  as  proof  of  the  existence 
of  carbaraic  acid.-  J.  pr,  Ch,^  II,  xiv,  173,  Aug.,  1876.      g.  f.  b. 

6.  Friction  of  Gases, — M.  Wiedemann  has  measured  the 
changes  in  the  coefficients  of  friction  of  gases  with  changes  in 
the  temperature  by  a  new  form  of  apparatus.  In  a  recent  paper 
on  the  specific  heat  of  gases  he  claims  that  a  gas  undergoes  a  sort 
of  dissociation  upon  a  change  of  temperature  and  that  the  diameter 
of  the  molecules  ought  not  to  vary  with  the  temperature  accord- 
ing to  the  same  law  as  if  the  gas  was  not  decomposed.  Moreover, 
according  to  the  new  theory  of  gases,  the  coefficient  of  friction  of 
ffases  gives  a  relative  measure  of  the  diameter  of  its  molecules. 
The  gas  is  contained  in  two  glass  bulbs  7*3  cms.  in  diameter  and 
and  4*5  cms.  high.  One  is  placed  above  the  other  and  they  are 
connected  by  a  glass  tube  '8  cms.  in  diameter  and  15  cms.  long. 
They  are  enclosed  in  a  case  with  glass  sides  which  may  be  filled 
with  water.  Each  bulb  contains  in  the  prolongation  of  the  tube 
connecting  them,  a  small  orifice.  To  the  lower  one  is  connected  a 
three-way  cock  with  two  horizontal  tubes.  One  of  these  tubes  is 
connected  with  a  reservoir  of  mercury  of  variable  height,  by 
which  mercury  may  be  admitted  into  the  bulbs.     The  other  tube 
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allows  the  mercary  to  pass  out.  The  upper  bulb  is  connected 
with  a  water  manometer  and  drying  tube  and  with  a  capillary 
tube.  The  latter  is  attached  to  a  larger  tube  1*8  Cms.  in  diameter 
and  4*8  cms.  long,  filled  with  copper  turnings  by  which  the  gas  is 
brought  to  any  required  temperature  before  entering  the  capillary. 
Both  these  tubes  can  be  immersed  in  a  vessel  of  cold  water  or  m 
a  tube  with  a  double  wall  in  which  circulates  the  vapor  of  aniline 
or  water. 

To  make  the  experiment  the  end  of  the  capillary  tube  is  closed 
until  the  top  of  the  mercurial  column  stands  near  a  point  marked 
on  the  vertical  tube.  The  capillary  is  then  opened  and  at  the 
instant  the  mercury  passes  the  mark,  a  stop-watch  is  started  and 
the  pressure  read  by  the  manometer.  This  pressure  is  maintained 
constant  during  the  whole  experiment  by  slowly  raising  the  mer- 
cury reservoir.  At  the  end  of  6  to  16  minutes  the  mercury  supply 
is  cut  off  and  that  in  the  bulbs  is  drawn  off  until  it  stands  at  the 
level  of  the  mark.  The  weight  of  mercury  gives  the  volume  of 
gas  transpired.  The  following  table  gives  the  result  of  the  mea- 
surement of  six  gases  at  temperatures,  8°,  100°  and  184'6**.  The 
first  column  gives  the  name  of  the  gas,  the  next  three  the  coeffi- 
cients of  friction  at  100°  and  184*5®  taking  the  coefficient  of  air  as 
100.  The  last  two  columns  give  the  friction  compared  with  that 
of  air  at  8^ 

O*'  100°  184-5®  lOO**  184-5' 

Air 100  100  100  1231  UM 

Carbonic  oxide 96-87               96-42  136*0 

Carbon  acid 805  8563  8750  1048  123-4 

Protoxide  nitrogen  .     805  85-82  8794  105-6  124-1 

Ethylene 56-24  6002  61-93  7389  87-38 

Hydrogen 51-51  51-81 

It  is  commonly  assumed  that  the  friction  is  proportional  to  some 
power  n  of  the  absolute  temperature.  But  a  computation  with 
the  above  values  shows  that  no  value  of  n  will  satisfy  all  the  ob- 
servations.— Bib.  Univ.y  ccxxiii,  277.  e.  c.  t. 

7.  ^E}ffect  of  Sound  on  the  Jiadiometer. — M.  Jeannel  has  ob- 
served that  certain  sonorous  vibrations  cause  rotatory  movements 
in  the  radiometer.  In  half  obscurity,  three  radiometers  were 
placed  on  the  interior  tablet  of  a  chamber  organ.  The  bass  notes, 
those  of  the  three  first  octaves,  produced  rotation,  the  most  bass 
acting  most,  but  fa  and  fa  sharp  of  the  lower  octave  (especially 
with  the  bourdon  stop)  produced  more  rapid  rotation  than  vt^  re 
and  m^,  though  these  are  more  grave.  Radiometers  do  not  all 
act  in  the  same  manner,  as  to  rapidity  and  direction  of  their  rota- 
tion. Thus  to  the  low  fa  or  fa  sharp,  radiometer  A,  the  less 
sensitive  to  light  made  about  one  turn  per  second.  The  black 
faces  first  (i  e.  a  direction  opposite  to  that  produced  by  light), 
whilst  radiometers  B  and  C,  which  were  more  sensitive  to  light, 
turned  more  slowly  in  the  direction  of  the  movement  produced  by 
light.  M.  Jeannel  explains  these  effects  by  circular  or  angular 
vibrations  of  the  supporting  needle  transmitted  from  the  tablet  of 
the  organ.     By  applying  the  finger  to  the  top  of  the  radiometer^ 
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one  may  prevent  the  vibration  and  also  the  rotation.  The  board 
of  a  piano  produces  similar  effects  but  in  a  less  degree.  If  the 
experiments  be  made  where  the  diffuse  light  is  nearly  sufficient  to 
drive  the  radiometer,  grave  sounds,  even  the  weakest,  cause  rota- 
tion in  the  ordinary  direction  (bright  surfaces  first) ;  the  rumble  of 
a  vehicle  will  suffice.  Here  the  light  is  at  first  insufficient  to 
overcome  the  friction,  but  when  the  vibrations  intervene,  friction 
is  lessened  during  certain  intervals,  and  the  apparatus  is  thus 
rendered  more  sensitive  to  lisrht. — Nature^  xiv,  419,         b.  c.  p. 

8.  Fusion  of  tSoft  Bodies. — M.  Pfaundler  has  presented  to 
the  Imperial  Academy  of  Sciences  at  Vienna,  papers  on  the  nature 
of  the  soft  or  half  liquid  state  of  aggregation,  and  on  revelation 
and  recrystallization.  After  dividing  the  bodies  in  question  into 
mixtures  of  small  solid  parts  with  true  liquids,  soft  bodies  proper, 
containing  no  dissimilar  parts,  and  mixtures  of  the  two  classes, 
he  gives  a  hypothesis  on  the  process  of  melting  and  the  soft  state. 
The  common  ideal  melting  process,  when  the  temperature  remains 
the  same  from  the  beginning  to  the  end  is  not  according  to  fact 
The  mean  temperature  of  the  body  beginning  to  melt  is  about  t-J"*' 
lower  than  that  of  the  already  melted  mass,  if  ±^  and  ±^  denote 
the  amounts  of  divergence  of  temperature  of  the  separate  mole- 
cules in  the  solid  and  liquid  condition.  Hence  the  true  melting 
point  is  different  from  that  at  the  beginning,  and  the  end  of  the 
melting  process.  M.  Pfaundler  extends  his  hypothesis  to  soft 
bodies  of  a  compound  nature,  and  to  regelation  and  recrystalliza- 
tion.— Nature^  xiv,  383.  e.  c.  p. 

9.  Friction  of  Gases, — Professor  Kundt,  in  a  popular  lecture 
on  "  the  Modern  Theory  of  Gases,"  delivered  last  March  in  Berlin, 
made  an  ingenious  application  of  the  principle  of  the  radiometer. 
Having  first  shown  the  friction  of  air  of  ordinary  density  by  means 
of  a  rotating  disk,  tht*  lecturer  then  took  an  exhausted  vessel  con- 
taining two  disks,  each  about  three  centimeters  in  diameter  sup- 
ported very  close  to  one  another;  the  lower  one  had  the  usual 
vanes  of  the  radiometer  while  the  upper  one  had  only  a  couple  of 
small  projecting  wires  sufiicient  to  show  its  motion.  A  magnesium 
lamp  served  for  projecting  the  instrument  on  a  screen,  and  to 
rotate  the  lower  disk ;  through  the  minute  amount  of  air  remain- 
ing in  the  vessel  the  u])per  disk  was  put  promptly  into  rotation. 

Probably  the  same  principle  will  find  other  applications  when 
rotation  in  a  vacuum  is  to  be  produced.  c.  k.  w. 

10.  On  the  Flectro-^nagnetic  action  of  Electric  (lonvection ; 
by  Dr.  Helmholtz.  A  report  on  some  experiments  carried  out 
by  Mr.  Henry  A.  Rowland,  of  the  Johns  Hopkins  University,  in 
Baltimore. — I  understand  by  electric  convection  the  conveyance 
of  electricity  by  the  motion  of  its  ponderable  bearers.  In  my  last 
memoir  on  the  theory  of  electro-dynamics,*  I  proposed  some  ex- 
periments (which  were  then  carried  out  by  Herr  N.  Schiller)  in 
which  the  question  came  into  consideration  whether  electric  con- 
vection is  dynamically  equivalent  to  the  flow  of  electricity  in  a 

*  MoncMtrichi  of  the  Berlin  Academy  of  Sciences,  June  17,  1875,  p.  405. 
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conductor,  as  W.  Weber's  theory  assumes.  Those  experiments 
might  possibly  have  been  decisive  against  the  existence  of  such 
an  action.  They  were  not  so;  but,  on  the  other  hand,  through 
this  negative  result  the  existence  of  the  action  in  question  re- 
mained unproved.  Mr.  Rowland  has  now  carried  out  a  series  of 
direct  experiments,  in  the  physical  laboratory  of  the  University 
here,  which  give  positive  proof  that  the  motion  of  electrified  pon- 
derable substances  is  also  electro-magnetically  operative.  I  here 
remark  that  he  had  already  conceived  and  fully  considered  the 
plan  of  his  experiments  when  he  came  to  Berlin,  without  any 
previous  cooperation  on  my  part. 

The  moved  bearer  of  the  electricity  was  a  disk  of  ebonite  21*1 
centims.  in  diameter  and  ^  centim.  thick.  It  could  revolve  with 
great  velocity  (up  to  61  times  in  a  second)  about  a  vertical  axis 
fixed  in  its  center.  The  ebonite  disk  was  gilt  on  both  sides;  but 
the  gilding  was  insulated  from  the  axis.  Near  it,  above  and  below, 
were  placed  glass  disks  of  38*9  centims.  diameter,  pierced  through 
the  middle  to  admit  the  axis  of  the  ebonite  disk.  The  glass  disks 
were  likewise  gilt,  in  an  annular  band  of  24  centims.  external,  8'9 
internal  diameter;  the  gilt  side  was  mostly  turned  toward  the 
ebonite  disk.  The  gilt  surfaces  of  the  glass  disks  were,  as  a  rule, 
connected  to  earth ;  while  the  ebonite  between  them,  through  a 
point  directed  toward  it  at  a  distance  of  ^  millim.  from  its  margin, 
was  in  electrical  communication  with  the  coatings  of  a  large  insu- 
lated Leyden  battery  which  served  as  a  reservoir  for  the  electricity. 
A  commutator  of  a  peculiar  construction,  inserted  between  them, 
permitted  now  the  one,  now  the  other  coating  to  be  connected 
either  with  the  ebonite  disk  or  with  the  earth.  In  the  construction 
of  these  parts,  iron  was  avoided. 

Close  above  the  upper  glass  disk  an  extremely  sensitive  astatic 
needle  was  suspended  to  an  arm  fixed  in  the  wall,  and  completely 
enclosed  in  a  brass  case  connected  to  earth.  The  two  needles  were 
1'5  centim.  long,  but  at  a  considerable  distance  (17*98  centims.) 
from  each  other.  Their  deflections  were  read  off  with  a  mirror  ana 
a  telescope.  The  opening  in  front  of  the  mirror  was  protected 
from  external  electrical  influences  by  a  metallic  hollow  cone. 
Indeed  the  electrical  charge  of  the  battery  and  the  reveraal  of  the 
electrification  of  the  ebonite  disk  gave  no  perceptible  trace  of 
action  on  the  needle  so  long  as  the  ebonite  was  stationary. 

On  the  other  hand,  on  swift  rotation,  even  without  electrifying, 
the  action  of  rotation-magnetism  was  shown,  mostly  arising  from 
the  brass  axis  of  the  rotating  disk,  and  considerably  diminished  by 
reducing  it  to  0*9  centim.  thickness.  The  action  of  the  electrifica- 
tion of  the  disk  could  be  separated  from  that  of  the  rotation-mag- 
netism by  letting  in  alternately  positive  and  negative  electricity 
(by  means  of  the  commutator  aoove-mentioned)  while  the  velocity 
of  the  rotation  was  maintained  unaltered.  The  displacement  of  the 
needle  from  the  position  of  equilibrium  amounted  to  from  5  to  7^, 
its  arc  of  oscillation  on  changing  the  electrification,  therefore,  to 
from  10  to  15  scale-divisions.     This  result  ensued  in  hundreds  of 
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obseryations  (which  were  made  with  gradaally  and  contiuually 
more  and  more  improved  apparatus  in  the  coarse  of  several  weeks), 
and  always  in  the  same  direction.  The  direction  of  the  deflection 
of  the  needle,  the  length  of  which  was  normal  to  the  radius  of  the 
disk,  was  such  as  would  have  been  produced  by  a  positive  electric 
current  flowing  with  the  rotation  of  the  positively  charged  disk, 
or  against  the  rotation  of  the  disk  charged  negatively. 

There  was  no  alteration  in  the  action  when  the  gilding  of  the 
ebonite  plate  was  removed  in  a  series  of  radial  lines,  so  that  annu- 
lar electric  currents  could  no  longer  take  place.  A  thin  plate  of 
fflass  was  also  inserted  instead  of  the  gilt  ebonite,  and,  like  the 
disk  of  a  Uoltz  machine,  could  be  electrined  through  points;  while 
close  beneath  it  there  was  a  gilt  resting  plate  connected  to  earth, 
in  order  to  fix  as  much  electricity  as  possible.  The  direction  of  the 
deflections  was  the  same  as  in  the  previous  experiments:  but  they 
were  smaller,  as  the  conditions  were  not  so  favorable  for  strong 
electrification. 

In  order  to  compare  the  electricity  carried  forward  by  convection 
with  that  which  passes  in  conductors,  experiments  were  instituted 
in  the  following  manner. 

The  ebonite  disk  was  gilded  afresh,  and  toe  gold  coating  oivided, 
by  a  series  of  fine  circular  lines,  into  rings  insulated  from  one 
another.  The  innermost  ring  was  connected  with  the  axis;  the 
rest  could  not  at  any  rate  become  considerably  charged  without 
discharging  themselves  by  very  short  sparks  from  one  to  the  other. 
Two  electrified  plates,  each  having  the  form  of  a  sector  of  a  circle, 
but  which  did  not  reach  to  the  axis,  were  placed,  opposite  to 
one  another,  above  and  below  the  rotating  plate.  Under  these 
circumstances  the  electricity  of  the  gold  rings  must  have  been 
accumulated  by  electrostatic  induction  in  the  sector  covered  by  the 
last-mentioned  plates,  and  carried  forward  convectively.  When 
this  electricity  was  positive,  it  became  free  at  the  fore  margin  of 
the  induced  sector  (in  the  direction  of  the  rotation),  while  at  the 
hind  margin  of  the  same,  continually  new  pwjsitive  electricity  being 
attached,  relatively  negative  electricity  became  free. 

The  positive  electricity  must,  under  these  conditions,  have  over- 
flowed from  the  fore  to  the  hind  margin  of  the  sector,  for  which 
there  were  in  each  ring  two  paths  open,  between  which  it  must 
have  divided  itself  in  the  inverse  ratio  of  their  resistances.     If  the 

inducing  sector  comprises  -  of  the  circumference,  the  resistance 

n 

of  the  path  in  the  sector  is  to  that  of  the  path  outside  of  it  as 
1  :  7?  —  1 ;  and  therefore  -^ —  of  the  current  returns  through  the 

sector,  and  -  outside  of  it.    In  the  sector  a  quantity  corresponding 
n 

to  the  sum  of  the  two  currents  is  carried  forward  against  the 
current  by  convection.    If,  then,  a  convective  motion  of  electricity 
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acts  like  a  condacted  motion,  the  total  motion  in  the  sector  is 

1 — V'^    =  — .     But  if  the  action  of  convectiye  had  been  greater 
n         n 

or  less  than  that  of  condacted  motion,  the  excess,  in  one  or  the 
other  direction,  must  have  been  shown  on  the  sector. 

The  experiments  showed  that,  when  the  sector  was  small  (j-  of 
the  circumference),  the  small  difference  between  the  convection  1 
and  the  conduction  ^  in  general  could  not  (or  at  least  not  with 
certainty)  be  detected,  that  therefore,  with  approximate  equality 
of  convection  and  conduction,  the  electro-dynamic  effect  of  the  one 
sensibly  neutralized  that  of  the  other. 

When,  however,  the  sector  took  in  half  of  the  circumference,  the 
here  assumed  current  could  be  observed  even  in  the  free  portion 
of  the  disk,  though  the  amount  was  too  small  for  safe  measure- 
ment. 

The  observed  electro-dynamic  action  being  so  little  in  the  fore- 
going experiments,  in  which  the  disk  was  electrified  and  covered 
in  its  whole  extent  by  the  induced  plates,  theoretical  calculation  of 
the  amount  of  the  action  from  the  known  absolute  values  of  the 
electro-dynamic  constants  promised  only  approximately  accordant 
values.     Nevertheless  it  was  carried  out  by  Mr.  Rowland. 

The  proportion  in  which  the  action  of  the  earth's  magnetism  upon 
the  pair  bf  astatic  needles  was  diminished  was  ascertained  by  find- 
ing the  oscillation-period,  first  with  the  needles  equally  directed, 
and  then  arranged  astatically. 

The  value  of  the  function  of  the  electric  potential  in  the  Leyden 
battery,  and  on  the  rotating  disk,  was  determined  according  to  the 
law  of  spark-length  given  by  Sir  William  Thomson,  which  in  this 
case  appeared  suJEciently  accurate.  Before  and  after  each  experi- 
ment, a  smaller  jar  was  charged  from  the  battery  of  nine  large 
ones  containing  the  store  of  electricity,  and  on  it  the  length  of  the 
spark  was  determined. 

The  velocity  of  the  rotation  was  regulated  by  the  position  of  the 
balls  of  a  centrifugal  governor,  which  was  applied  to  one  of  the 
more  slowly  rotating  axes.  The  calculation  from  the  magnitude 
of  the  rollers  agreed  well  with  the  determination  by  the  tone  of  a 
siren-disk,  which  was  for  some  time  attachi^d  to  the  most  rapidly 
revolving  axis. 

In  the  calculation  of  the  distribution  of  the  electricity  on  the 
disk,  and  its  electro-magnetic  directing-force,  the  surplus  charge 
present  at  the  margin  of  the  disk  was  reckoned  according  to  the 
value  which  holds  for  infinitely  thin  disks,  and  considered  as  an 
infinitely  thin  thread  concentrated  at  the  margin — a  proceeding 
which  was  in  both  ways  only  approximately  correct,  but,  in  presence 
of  the  minuteness  of  this  portion,  was  sufficient. 

The  influence  exerted  upon  the  upper  needle  was  about  3^^  of 
that  upon  the  lower.  The  honzontal  force  of  the  earth's  mag- 
netism was  put  equal  to  0*182  (using  the  centimeter,  gram,  and 
second  as  units):  the  electro-dynamic  constant  was  put  by  Mr. 
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Rowland,  afler  Maxwell's  determinations,  equal  to  28,800  millions. 
W.  Weber's  value  would  be  31,074  millions.  I  give  below  under 
M.  the  results  calculated  with  the  former  value,  under  W.  those 
calculated  with  the  latter. 

The  following  is  the  result  of  the  calculation  of  only  three  series 
of  experiments  conducted  under  favorable  circumstances : — 
(1)  Ten  experiments  with  alternately  opposite  rotation.    In  each, 

three  readings,  of  which  the  middle  one  was  made  with  the 

electnfication    of  the  disk  opposite  to  that  of  the  first  and 

third. 

Mean  difference  of  the  position  of  equilibrium,  in  scale-divisions 6*735 

Spark-length  0-2846 

Electro-dynamic  force  acting  on  the  astatic  pair— observed 0*00000327 

"  "  "  "  calculated,  M 000000337 

"  "  "  "  "  W 000000311 

(2)  Four  experiments,  the  same. 

Difference  of  the  position 7*60 

Spark-length 0*2956 

iiectro-dynamic  force— -observed 0*00000317 

"  "        calculated,  M 0*00000349 

"  "  "       W 0-00000322 

(3)  Five  experiments,  the  same. 

Difference  of  the  position 7*60 

Spark-length   0*2926 

Electro-dynamic  force — observed 0*00000339 

"  "        calculated,  M 0*00000356 

"  "  "       W 0*00000328 

The  accordance  may  be  looked  upon  as  satisfactory  in  the 
measurement  of  a  force  which  amounts  to  only  -j^-j^t^  of  the  force 
of  the  earth's  magnetism,  since  in  two  of  the  series  the  observed 
values  fall  between  those  corresponding  to  the  different  measured 
values  of  Weber's  constant. 

As  regards  the  signification  of  these  experiments  for  the  theory 
of  electro-dynamics,  they  correspond  to  the  hypotheses  of  the 
theory  of  W.  Weber;  but  they  can  also  be  referred  to  Maxwell's, 
or  to  the  potential-theory  which  takes  account  of  the  di-electric 
polarization  of  the  insulators.  The  volume-elements  of  the  stratum 
of  air  situated  between  the  resting  and  the  moved  plates  suffer 
continual  displacements  in  the  direction  of  a  rotation  round  radi- 
ally directed  rotation-axes.  The  existing  di-electric  polarization 
of  these  elements  will  therefore  in  each  mateiial  element  contin- 
ually change,  while  retaining  in  space  the  same  direction  normal 
to  tlie  surface  of  the  electrified  disks.  The  arising  and  disappear- 
ing  components  of  this  polarization  would  constitute  the  current 
which  is  indicated  by  the  astatic  pair  of  needles. — Monatshericht 
der  k6n,  preuss.  Akademie  der  Wiasenschaften  zu  Berlin^  1876,  pp. 
211-216;  Phil.  Mag.,  Sept.  1876. 
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II.  Geology  and  Mineralogy. 

1.  Note  on  specimen  of  Jdetculiahnse  from  Connecticut  LaJce^ 
collected  and  sliced  by  &.  W.  Hawes, — The  fragments,  appar- 
ently organic,  in  this  slice  agree  with  that  figured  by  Mr.  Hawes 
in  the  August  number  of  the  American  Journal  of  Science, 
Plate  V,  fig.  5.  They  consist  of  a  transparent  brownish  substance, 
traversed  by  parallel  bars  or  ribs  of  greater  transparency.  In 
places  the  bars  are  inteiTupted  abruptly,  and  crossed  by  similar 
oars  nearly  at  right  angles  to  the  others.  Between  the  longi- 
tudinal bars  are  irregular  transverse  and  oblique  lines  ;  but  these 
are  not  properly  structural,  and  appear  to  be  cracks,  some  of 
which  are  open  and  transparent,  but  the  greater  part  closed  and 
of  a  black  color.  From  the  irregular  shape  of  the  fragments,  and 
the  manner  in  which  the  ends  project  in  shreds,  it  is  to  be  inferred 
that  the  substance,  if  organic,  was  not  hard  or  stony  like  a  coral, 
but  tough  and  soft,  and  in  an  advanced  stage  of  decay.  Frag- 
ments of  the  homy  investment  of  Hydroids  or  Bryozoans  might 
present  such  appearances,  and  in  this  case  the  planes  where  the 
oars  are  interrupted  may  represent  the  mouths  of  cells.  Again, 
the  chitinous  crust  of  some  Entomostracans,  as  for  example,  species 
of  Dithyrocaris,  shows  bands  not  very  dissimilar  from  those  m  the 
fragments,  which,  however,  present  no  trace  of  the  cellular  struc- 
ture usual  in  such  crusts.  Again,  the  Devonian  plants  of  the 
genus  Dictyophyton  show  a  rectangular  areolation  which,  though 
much  coarser,  reminds  one  of  these  specimens.  Lastly,  Gumbel 
has  figured  from  the  Laurentian  of  Bavaria  certain  films  with 
rectangular  meshes,  much  finer  than  those  of  Mr.  Hawes'  speci- 
mens, but  not  unlike  them  in  appearance,  and  which  he  regards  as  or- 
ganic. On  the  whole,  though  these  objects  are  unlike  any  purely 
mineral  substance  with  which  I  am  acquainted,  and  are  probably 
fragments  of  some  organic  body,  I  do  not  think  it  possible  at 
present  to  indicate  with  any  certainty  their  probable  affinities. 

Sept  1,  1876.  J.  W.  DAWSON. 

2.  On  Streams  of  Water  beneath  Glaciers,  —  Mr.  Charlbs 
BENIGHT,  in  the  Philosophical  Magazine  for  June,  states  that, 
according  to  Professor  Wm.  Thomson's  experiments,  the  freezing 
point  of  water  is  lowered  0°*23  F.  for  each  additional  atmospheric 
pressure ;  and  that,  hence,  if  a  glacier  have  a  thickness  of  3,000 
feet,  the  pressure  would  be  about  80  atmospheres,  and  under  this 
pressure  the  temperature  at  the  base  should  not  exceed  13°  F.  to 
retain  the  solid  fonn.  The  statement  needs  a  correction,  since 
Professor  Wm.  Thomson's  experiment  made  the  lowering  of  the 
freezing  point  of  water  0""23  F.  for  sixteen  atmospheres  of  pres- 
sure. This  would  give  for  80  atmospheres,  supposing  the  increase 
by  arithmetical  ratio,  only  1°*15  F. 

3.  Quinto  Apendice  al  reino  mineral  de  Chile  i  de  las  Jtejyub- 
licas  vecinOrS  publicado  en  la  segunda  edic.lon  de  la  Miner alojia  de 
don  Ignacio  Domeyko.     79  pp.  Bvo.     Santiago,  1876. — The  fifth 
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Appendix  by  Domeyko  to  his  Mineralogy  of  Chili  follows  the 
fourth  after  an  interval  of  two  years. .  It  contains  much  valaable 
and  interesting  matter,  including  the  description  of  the  following 
new  minerals : 

Daubreite, — ^Amorphous.  In  structure  earthy  and  compact,  in 
parts  fibrous.  H.=2'6.  G.=r6'4-6'6.  Color  yellowish  to  gray- 
ish-white. Opaque.  An  analysis  gave  BijO,  89*60,  CI  7*50, 
HjO  3-84(?),  Fe,0,  0'72,  which  corresponds  to  the  formula 
(BijjOj)^,  Bij,CL.  This  formula  places  the  mineral  in  the  series 
with  the  two  artificial  compounds  (Bi^O,),,  Bi^Cl^,  and  (Bi203)9, 
Bi^Clg.  It  is  easily  soluble  in  hydrochloric  acid,  without  residue. 
Locality,  Constancia  Mine,  Cerro  de  Tazna,  Bolivia. 

KrOnicite. — In  irregular  crystalline  masses  with  coarse  fibrous 
structure ;  probably  triclinic.  Cleavage  distinct  parallel  to  an 
edge  of  the  prism.  Color  azure-blue,  changing  somewhat  on 
exposure  to  the  air.  Luster  vitreous ;  translucent.  Composition 
CuSO^-l-NaaSO^-f  2H2O,  which  requires  CuSO^  47-23,  Na^SO^ 
42*09,  HjO  10-68=100.  Perfectly  soluble  in  water.  Found  in 
the  copper  mines  near  Calama,  on  the  road  from  Cabija  to  Potosi, 
Bolivia. 

PhiUipite. — Forms  small  irregular  masses  and  bands  in  die 
same  argillacous  ochre  in  which  the  copper  pyrites  occurs,  by  the 
decomposition  of  which  it  has  been  formed.  Structure  fibrous^ 
sometimes  compact ;  never  prismatic  like  KrOnkite.  Color  azure< 
blue.  Luster  vitreous ;  translucent.  Soluble  in  water,  but  unaf- 
fected by  exposure  to  the  air.  Composition  CuSO^-l-FeSgOij-f- 
n  aq.  Analysis  gave  SO3  28*96,  FeOj  9*80,  CuO  14*39,  MgO  0-86, 
HgO  43-72  AIO3  <r=100-00.  Found  at  the  copper  mines  in  the 
Cordilleras  of  Condes,  Province  of  Santiago,  Chili. 

Huantajayite, — Isometric.  Crystallizes  in  cubes  like  the  chlo- 
rides of  sodium  and  silver.  H.=2.  Transparent  Color  white, 
not  altered  by  exposure  to  the  air.  Fragile,  easily  reduced  to  a 
powder,  not  sectile  like  cerargyrite.  Composition  20NaCl+ 
AgCl;  an  analysis  gave  NaCl  89,  AgCl  11=100.  B.B.  decrepi- 
tates and  fuses  easily,  losing  its  transparency ;  with  soda  yields 
metallic  silver.  Found  at  the  mine  of  San  Simon,  in  the  Cerro  de 
Huanjayita. 

The  descriptions  of  the  following  new  minerals  in  the  Appendix 
are  given  by  Sr.  Raimondi. 

CuproccUcite, — Occurs  in  small  masses,  and  in  bands  intimately 
mixed  with  a  ferruginous  carbonate  of  calcium.  H.=3 ;  6.=:3"90. 
Color  bright  vermillion-red.  The  analysis  gave  CujO  50*45,  CaO 
2016,  CO2  24*00,  H2O  3*20,  FeOg  0*60,  AIO3  0*20,  MgO  0-97, 
SiOg  0-30=99*88.  This  leads  to  the  formula  (CuaO)2CO,+ 
2CaC03-f  HjO,  which  requires  Cu^O  52*2,  CaO  20-4,  Cfo^  24-1, 
HjO  3*3=100.  Soluble  in  hydrochloric  acid  with  effervescence. 
The  solution,  formed  with  exclusion  of  the  air,  has  a  strong  deoxy- 
dizing  power,  precipitating  metallic  gold  from  solutions  of  gold 
salts.  Found  at  the  mines  of  Canza,  near  the  city  of  lea,  in  Peru. 
Werthemanite. — Occurs  in  powder,  or  in  masses  easily  reduced 
to  powder.     Color  wYAtie.    Cj\N<i%  ^\i  ^T%\ll«AeQU8  odor,  and  adheres 
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to  the  tongue.  G.=2*80.  Soluble  only  in  sulphuric  acid.  An 
analysis  gave  SO3  84-60,  AIO3  46-00,  FeOj  1-25,  H2O  19-26=100. 
This  affords  the  formula  AlSOg+SHo^  5  ^^  1^^®  aluminite  except 
in  the  smaller  amount  of  water.  Found  near  the  city  of  Cha- 
chapoyas. 

Malinowakite. — A  variety  of  tetrahedrite.  An  analysis  of  the 
mineral  from  the  district  of  Rocuay  gave  S  24*27,  Sb  24*74,  As 
0-56,  Pb  13-08,  Cu  14-37,  Ag  11-92,  Fe  9-12,  Zn  1-92=100. 
Other  analyses  of  the  same  mineral  from  the  mine  of  Carpa  agree 
closely  with  this.  It  occurs  massive,  and  has  a  gray  color  and 
metallic  luster.  e.  s.  d. 

ni.  Botany. 

1.  Flora  of  British  India;  by  J.  D.  Hookek,  C.B.,  Ac. 
Part  IV.  pp.  240.  Date  of  issue  not  given. — This  commences 
the  second  volume  and  contains  the  orders  Sabiacem^  Anacar- 
diacecBy  and  (Jonnarcece^  by  Dr.  Hooker,  and  the  Legvminosm 
down  to  the  genus  Derris  (two  thirds  of  the  132  genera),  by  Mr. 
Baker.  The  model  of  the  British  Colonial  Floras  is  followed.  It  is 
curious  to  find  our  Clitoria  Mariana  as  an  Indian  species,    a.  g. 

2-  Compoaitoe  IndiccB  descriptce  et  secus  Genera  Benthamii 
ordinatce^  a  A.  B.  Clabke.  Calcutta,  Thacker,  Spink  &  Co. 
1876.  pp.  347,  xlv,  8vo,  1876. — This  important  side-contribution 
to  the  Indian  flora  is  in  Latin,  but  otherwise  on  nearly  the  plan 
of  the  Flora  of  British  India,  except  that  the  generic  characters 
are  wholly  given  in  the  conspectus;  and  it  is  supplemented 
by  copious  tables  of  geographical  distribution.  The  whole  ap- 
pears to  be  very  well  done,  and,  being  published  at  the  authors 
own  expense,  the  cordial  thanks  of  botanists  are  justly  due.   a.  g. 

3.  Proceedings  of  the  American  Association  for  the  Advance- 
ment of  iScience^  24th  meeting ^  1875.  Botanical  Articles. — These 
are  few,  occupying  only  20  pages  of  the  thick  volume,  and  are  not 
of  high  importance.  The  longest  is  that  in  which  Mr.  Meehan 
asks  the  question  ^^  Are  Insects  [of]  any  matericU  aid  in  fertili- 
zation^^ of  flowers?  He  answers  the  question  in  the  negative, 
but  not  to  our  satisfaction.  Some  of  the  facts  are  open  to  question, 
or  would  take  in  other  hands  a  different  interpretation ;  and  several 
of  the  illustrations  of  supposed  self-fertilization  are  from  flowers 
in  which  other  observers,  with  opposite  prepossessions,  see  ex- 
quisite adaptation  to  crossing.  As  we  may  not  ourselves  rightly 
appreciate  Mr.  Meehan's  ingenious  argumentation  (our  own  00- 
servations  all  pointing  to  an  opposite  conclusion)  we  state  that 
he  claims  to  have  proved : 

"  First,  that  the  great  bulk  of  colored-flowering  plants  are  self- 
fertilizers. 

**  Secondly,  that  only  to  a  limited  extent  do  insects  aid  fertili- 
zation.* 

*  Apropos  to  BCr.  Meehan's  suggestioiif  that,  although  the  alpine  plants  of  the 
Colorado  Rocky  Mountains  are  mostly  highly  colored,  insects  are  there  so  rare 
that  they  can  be  of  no  material  aid  to  fertil^tion,  and  therefore  these  plants  must 
■elf^ertfliro,  it  may  not  be  amiss  to  introdnoe  teBtimioay*    AiL«kii\<diMiuaiisaN\fl^ 
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"  Thirdly,  that  self-fertilizers  are  every  way  as  healthy  and  vig- 
orous, and  iinmeusely  more  productive  than  those  dependent  on 
insect  aid. 

*'  Fourthly,  that  where  plants  are  so  dependent,  they  are  the 
worse  fitted  to  engage  in  the  struggle  for  life." 

It  is  not  easy  to  perceive  how  the  last  two  very  comprehensive 
propositions  are  or  can  be  demonstrated. 

The  next  article,  on  Carnivorous  Plants^  by  Professor  Beal,  of 
Michigan,  is  short  and  sketchy,  recapitulating  some  facts  well- 
known  in  the  science,  though  novel  to  a  popular  assemblage ;  and 
finally,  referring  to  Martynia  and  the  vast  number  of  small  insects 
which  are  caught  by  its  sticky  glands,  he  suggests  that  ^^  it  is  a  true 
insectivorous  plant."  That  may  well  be ;  but  the  observations 
and  experiments  recorded  were  not  carried  to  the  point  of  prov- 
ing it,  although  this  might  not  have  been  very  difficult. 

JnequilatercU  Leaves^  by  the  same  author,  is  a  brief  article, 
detailing  a  good  number  of  cases,  and  ending  abruptly  with  the 
remark :  "  Why  these  leaves  have  unequal  lobes  I  cannot  see*;  and  I 
have  no  theory  to  offer  as  a  probable  explanation." 

The  Venation  of  a  few  odd  Leaves^  also  by  Professor  Beal, 
is  a  short  note,  in  which  the  main  point  is  a  curious  suggestion  as 
to  the  morphology  of  the  odd  leaf  of  the  Ginkgo  tree. 

Some  Observations  on  the  structure  and  habits  of  Utricularia 
vulgaris^  by  T.  B.  Comstock,  is  an  abstract  merely,  describing 
the  apparatus  and  apparent  action  of  the  bladders.  "  The  value 
of  this  paper  is  slight,  except  as  confirmatory,  in  a  measure,  of 
the  discoveries  of  others,  and  as  an  illustration  of  the  great  ease 
of  conducting  similar  observations,  now  much  needed." 

Lastly,  Periodicity  in  Vegetation^  by  James  Hyatt,  of  Dutchess 
Co.,  N.  Y.,  is  a  longer  article,  noting  how  certain  plants  appear 
and  disappear  in  different  years,  in  certain  places,  Silene  antir- 
rhi/ia,  for  instance,  abounding  in  1864,  1869,  and  1874,  "  while  not 
a  single  plant  has  shown  itself,  neither  in  1876,  nor  in  any  other 
year  than  those  specified  since  1 864 ;"  from  which  it  would  appear 
that  "  the  seeds  lie  dormant  through  the  intermediate  period." 
The  article  concludes  with  some  notewc»rthy  suggestions  and  plans 
for  the  convenient  keeping  of  a  useful  botanical  diary,  especially 
for  the  recording  of  penodical  phenomena.  a.  g. 

at  my  side,  who  has  passed  four  summers  among  these  mountains  and  made 
frequent  visits  to  the  alpine  regions,  informs  me  that  he  has  "  always  found  insects 
of  all  orders  quite  abundant  in  the  Rocky  Mountains,  and  especiaily  so  wherever 
flowers  occur  in  most  variety,  as  in  the  immediate  vicinity  of  the  timber-line, 
10,000  to  12,000  feet,"  etc.  Also  that  "insects  are  much  more  abundant  every* 
where  in  the  mountains  than  on  the  plains."  He  has '*  frequently  noticed  the 
congregation  of  butterflies,  in  considerable  nimibers,  about  the  bleak  and  barren 
summits  of  rocky  peaks  far  above  the  timber-line,  whither  they  had  probably 
been  drifted  by  the  wind.  Bees  and  other  Hjrmenoptera  occur  in  considerable 
variety  and  abundance  at  the  timber-line.  In  fact,  one  of  the  best  places  for 
collecting  them  is  among  the  vast  fields  of  flowers  which  there  occur."  Finallj 
he  remarks  that  "although,  as  a  rule,  insects,  as  well  as  other  animals,  are  not 
so  plentiful  in  all  the  Rocky  Mountains  as  in  many  other  parts  of  the  country, 
yet,  comparing  the  alpine  regions  with  the  plains,  I  have  always  found  insects 
very  much  more  abundant  m  \^<b  loxifiidt  \2cAai  m  the  latter."  a.  o. 
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IV.  Miscellaneous  Scientific  Intelligence. 

1.  Prof.  Huxley  in  New  JorA;.— Three  lectures  on  Evolution 
were  delivered  by  Prof.  Huxley  to  a  very  large  and  interested 
New  York  audience  during  the  week  which  closed  with  his  de- 

Earture  for  England.  He  appealed  chiefly  to  American  facts  in 
is  lucid  and  well-conducted  argument,  and  especially  to  those 
which  had  been  gathered  by  Prof.  Marsh,  whose  "  enormous  col- 
lections "  in  the  Yale  Peabody  Museum  he  had  examined  a  few 
weeks  before.  Respecting  these  collections  he  remarked  :  "  I  can 
emphatically  say  that  so  far  as  my  knowledge  extends,  there  is 
nothing  in  any  way  comparable  to  them  for  extent,  or  for  the  care 
with  which  the  remains  have  been  collected,  or  for  their  scientific 
importance  in  the  series  of  fossils."  The  Cretaceous  birds  with 
teeth — Marsh's  Odontomithes — and  also  the  Dinosaurs  (whose 
tracks  he  had  seen  in  large  numbers  during  an  excursion  under 
Prof.  Marsh's  escort  to  Greenfield,  Massachusetts),  were  referred 
to  at  length  in  the  second  lecture,  and  the  series  of  horses  from 
the  American  Tertiary,  in  the  third.  Prof.  Huxley  closed  as  fol- 
lows :  "  I  did  not,  when  I  commenced  this  series  of  lectures,  think 
it  necessai-y  to  preface  them  with  a  prologue,  such  as  might  be 
expected  from  a  stranger  and  a  foreigner ;  for  during  my  brief 
stay  in  your  country  I  have  found  it  very  hard  to  believe  that  a 
stranger  could  be  possessed  of  so  many  friends,  and  almost  harder 
to  imagine  that  the  foreigner  could  express  himself  in  your  lan- 
guage in  such  a  way  as  to  be  so  readily  intelligible  to  all  appear^ 
ance  ;  for,  so  far  as  I  can  judge,  that  most  intelligent  and  perhaps 
I  may  add  most  singularly  active  and  enterprising  body  of  the 
press,  your  press  reporters,  do  not  seem  to  have  been  deterred  by 
my  accent  from  giving  the  fullest  account  of  everything  that  I 
happen  to  have  said.  [Great  applause.]  But  the  vessel  in  which 
I  take  my  departure  to-morrow  morning  is  even  now  ready  to  slip 
her  moorings ;  I  awake  from  my  delusion  that  I  am  other  than  a 
stranger  and  a  foreigner.  I  am  ready  to  go  back  to  my  place  and 
country,  but  before  doing  so,  let  me,  by  way  of  epilogue,  tender 
to  you  my  most  hearty  thanks  for  the  most  kind  and  .cordial 
reception  which  you  have  accorded  to  me ;  and  let  me  thank  you 
still  more  for  that  which  is  the  greatest  compliment  which  can  be 
afforded  to  any  person  in  my  position— the  continuous  and  undis- 
turbed attention  which  you  have  continued  to  bestow  upon  the 
long  argument  I  have  had  the  honor  to  lay  before  you." 

2.  The  Eighth  Annual  Heport  of  the  Department  of  Marine 
and  Fieheriea  of  Canada^  containing  the  Heport  on  the  Meteoro- 
logical and  other  Observatories,  for  the  year  1876,  has  recently 
come  to  hand.  The  Canadian  office,  like  that  of  our  own  army, 
contemplates  both  the  study  of  climatological  statistics,  and  the 
practical  utilisation  of  meterology  especially  in  the  prognostications 
of  the  weather.  Its  stations  are  classified  as  the  central  office, 
ordinary  stations,  chief  stations,  reporting  telegraph  stations,  and 
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publishing  telegraph  stations.  Thirteen  Canadian  stations  send 
tri-daily  reports  to  the  central  office  at  Toronto,  whence  they  are 
telegraphed  to  Washington.  At  86  stations  storm  warning  sig- 
nals, generally  as  suggested  by  telegraph  from  Washington,  are 
displayed  by  hoisting  the  storm  dnim;  628  warnings  were  issued 
on  55  days  m  the  course  of  1 875.  For  those  stations  from  which 
reports  have  been  published,  about  80  per  cent  are  reported  verified. 

The  simultaneous  observations  at  the  Canadian  stations  are 
printed  in  full  as  a  part  of  Professor  Kingston's  report,  followed 
by  the  monthly,  quarterly  and  annual  averages  of  meteorological 
elements  and  other  tabular  matter. 

In  the  report  of  the  Director  of  the  Magnetic  Observatory  at 
Toronto,  it  is  stated  that  the  Kew  System  of  self-recording  appa- 
ratus has  been  adopted  there  with  considerable  success.  At  the 
Montreal  Observatory  it  is  stated  that  the  anemometer  by  Green 
is  furnished  with  a  self-recording  attachment  as  made  by  Hahl  & 
Co.,  of  Washington.  At  Quebec,  the  noon-day  time-gun  has  been 
fired  daily  by  electricity,  the  machinery  having  worked  with  great 
satisfaction.  The  director  of  this  observatory,  Lieutenant  E.  D. 
Ashe,  hopes  that  the  observatory  will  soon  take  a  prominent  place 
in  the  study  of  physics.  At  St.  Johns,  New  Brunswick^  the  noon- 
day time-ball,  which  is  on  the  Custom  House  building,  is  dropped 
by  the  director  in  charge  of  that  duty. 

In  singular  contrast  with  the  appreciation  shown  by  the  Cana- 
dian authorities  of  the  importance  of  distributing  accurate  time 
to  the  shipping,  is  the  utter  neglect  of  the  subject  shown  in  the 
United  States,  where  shipmasters  are  obliged  to  obtain  accurate 
time,  before  leaving  port,  by  application  to  some  clock-maker, 
whereas  the  Naval  Observatory  at  Washington  might  easily  be 
authorized  to  furnish  official  standard  time  to  the  whole  ox)untry. 

c.  A. 

3.  British  Association,  —  Extended  reports  of  the  Glasgow 
meeting  of  the  British  Association  are  published  in  Nature,  com- 
mencing with  the  number  for  September  7th  (No.  378).  The  ad- 
dress of  Sir  William  Thomson  and  Mr.  Wallace,  forming  articles 
in  this  number,  have  been  copied  from  that  Journal.  According 
to  a  note  by  Mr.  Wallace,  later  published,  Kerguelen^s  Land^  p 
368,  second  line  from  foot,  should  be  Tristam  cPAcunha. 

4.  Diatoms  in  Wheat  Straio. — The  article  on  this  subject,  by 
Professor  P.  V.  Wilson,  in  the  last  volume  of  this  Journal  (p.  373), 
has,  with  good  reason,  encountered  doubts  and  criticisms  in  other 
journals,  both  at  home  and  abroad.  After  its  publication,  when 
it  first  met  the  eye  of  our  botanical  editor,  he  wrote  us  at  once, 
pronouncing  the  alleged  facts  intrinsically  absurd ;  and,  in  a  subse- 
quent number  of  the  Jouiiial,  alluded  to  the  mistake  into  which 
he  supposed  the  writer  of  the  article  had  honestly,  but  ignorantly 
fallen.  An  examination  of  the  figures  of  the  "  1"  orms  of  Diatoms 
found  in  Col.  Kunker's  Straw"— reproduced  with  severe  strictures, 
in  the  American  Journal  of  Microscopy — has  led  him  to  write  us 
further  that  his  explanation  can  apply  only  to  a  few  of  the  figures, 
and  that  the  charitable  con^XTuoXioxLTOLM^t  be  withdrawn. — iSd%. 
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Art.  XLir. — Notice  of  riew  Tertiary  Mammals,     V;    by 

Professor  O.  C.  Mabsh. 

The  remains  here  described  are  from  the  Eocene  of  the 
Eocky  Mountain  region.  They  include  a  new  genus  of  Equine 
mammals,  allied  to  Orohippus^  but  an  earlier  and  less  special- 
ized form,  apparently  in  the  direct  ancestral  line,  and  hence  of 
much  interest  All  the  specimens  described  are  preserved  in 
the  Museum  of  Yale  College. 

Eohippus  validus^  gen.  et  sp.  nov. 

This  genus  is  very  nearly  related  to  Orohippus,  but  may  be 
readily  distinguishea  from  it  by  the  dentition,  the  last  premolar 
above  and  below  being  similar  to  the  next  premolar  in  front, 
and  not  like  the  adjoining  true  molar,  as  in  Orohippus.  In 
other  respects,  the  teeth  in  the  two  genera  are  very  much  alike, 
and  the  aental  formula  is  the  same  for  both.  The  feet,  also  in 
their  main  features,  are  very  similar,  there  being  in  each  genus 
four  well  developed  toes  in  front  and  three  behind,  but 
Eohippua  has  a  rudiment  of  the  outer,  or  fifth,  metatarsal,  and 
may  have  had  a  similar  remnant  of  the  first  digit  in  the  fore 
foot  The  radius  and  ulna,  and  the  tibia  and  fibula  were 
distinct,  and  entire,  and  in  most  other  respects  the  skeleton 
resembled  that  of  Orohippus. 

The  present  species  is  based  mainly  upon  a  fragmentary 
skeleton,  with  tne  principal  teeth  well  preserved.  These 
remains  indicate  an  animal  about  as  large  as  a  fox,  but  of 
rather  more  robust  proportions.  Some  of  the  more  important 
measurements  are  as  follows : 

Extent  of  three  lower  true  molars 26*4 °™' 

Antero-posterior  diameter  of  last  lower  molar 11 '2 

Transverse  diameter 6*4 

Antero-posterior  diameter  of  last  lower  premolar 7* 

Transverse  diameter  .   6*4 

Antero-posterior  diameter  of  first  upper  true  molar 7* 

Transverse  diameter 9*6 

The  known  remains  of  this  species  are  from  the  Coryphodon 
beds,  or  lowest  Eocene,  of  New  Mexico  This  horizon  is  below 
that  in  which  Orohippus  occurs. 
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Eohippus  pemiXj  sp.  nov. 

A  smaller  species  of  the  same  genus  is  indicated  by  frag- 
raentaiy  remains  of  several  individuals.  Most  of  these  fossils 
are  in  excellent  preservation,  and  among  them  are  some  of  the 
most  characteristic  portions  of  the  skeleton.  The  distal  end  of 
the  tibia  is  remarkably  like  that  of  the  modem  horse.  The 
astragalus,  also,  is  quite  equine  in  type,  but  the  anterior  por- 
tion is  more  elongated.  It  has  a  small  facet  for  the  cuboid,  as 
in  the  horse.  The  molar  teeth  are  similar  in  pattern  to  those 
of  OrohippiLs. 

The  following  are  some  of  the  principal  measurements : 

Extent  of  three  lower  true  molars 20'  """• 

Antero-posterior  diameter  of  first  lower  true  molar 6* 

Transverse  diameter 6* 

Depth  of  lower  jaw  below  first  true  molar !!• 

Antero-posterior  diameter  of  distal  end  of  tibia 18* 

Transverse  diameter 10" 

Length  of  astragalus 15*6 

Transverse  diameter  in  front 10* 

The  remains  here  described  are  from  the  Coryphodan  beds, 
or  lowest  Eocene,  of  Wyoming. 

Parahyus  vagus^  gen.  et  sp.  nov. 

An  interesting  genus  of  suilline  mammals  is  represented  by 
a  nearly  perfect  lower  jaw  and  a  few  other  remains  in  the  Yale 
Museum.  This  jaw,  which  has  most  of  the  teeth  well  pre- 
served, shows  a  near  affinity  to  Eloiherium  Pomel,  and  to 
Hehhyxis  Marsh,  but  it  may  easily  be  separated  from  those 
genera,  as  it  has  one  less  premolar.  It  diflfers  from  the  former 
genus,  moreover,  in  its  last  lower  molar,  which  has  a  well 
developed  posterior  lobe.  In  other  respects,  the  teeth  are  very 
similar  to  those  of  Eloiherium..  The  present  genus  affords  an 
interesting  example  of  an  extinct  form  outside  of  the  ancestral 
line  which  terminated  in  existing  suillines.  A  similar  exam- 
ple is  seen  in  Anoplotherium, 

The  specimens  preserved  pertained  to'  an  animal  about  the 
size  of  a  modern  wild  boar,  but  the  jaws  were  proportionately 
shorter  and  stouter.  The  canine  was  large,  and  the  three  pre- 
molars were  all  compressed,  and  each  had  two  roots. 

The  dimensions  of  this  specimen  are  as  follows : 

Extent  of  six  molar  teeth 188*  ""• 

Antero-posterior  diameter  of  last  lower  molar 84* 

Transverse  diameter 17* 

Antero-posterior  diameter  of  first  true  molar 19* 

Transverse  diameter 13* 

Depth  of  lower  jaw  below  first  true  molar 46* 

The  only  specimeua  of  this  species  now  known  are  from  the 
lower  Eocene  oi  Wyomva^, 
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Dromocyon  vorax^  gen.  et  sp.  nov. 

A  new  and  remarkable  carnivorous  mammal  about  the  size 
of  a  large  wolf  is  represented  in  the  Yale  Museum  by  a  nearly- 
complete  skeleton  In  the  form  of  the  skull,  and  general 
character  of  the  jaws  and  teeth,  the  genus  resembles  HycBnodon, 
In  the  present  specimen  there  were  apparently  but  two  lower 
incisors  in  each  ramus.  There  are  seven  lower  molar  teeth, 
and  the  last  lower  molar  is  small.  The  top  of  the  skull  sup- 
ported an  enormous  sagittal  crest  The  brain  was  small  and 
convoluted.  The  lower  jaws  are  long  and  slender,  and  the 
condyles  low. 

The  femur  has  a  small  third  trochanter  and  the  astragalus  a 
facet  for  the  cuboid.  There  were  but  four  toes  in  front,  and 
four  behind. 

Some  of  the  more  important  dimensions  of  this  skeleton  are 
as  follows : 

Length  of  skull  from  occipital  condyles  to  front  of  pre- 

maxillaries 280*  "»°»- 

Distance  from  foramen  magnum  to  top  of  sagittal  crest  . .   80* 

Extent  of  lower  molar  series 131* 

Extent  of  three  true  molars 70* 

Antero-posterior  diameter  of  last  lower  molar 15* 

Transverse  diameter 9* 

Length  of  third  metacarpal 78* 

Length  of  third  metatarsal 88* 

The  remains  of  this  species  at  present  known,  are  from  the 
Eocene  of  Wyoming. 

Dryptodon  crassus^  gen.  et  sp.  nov. 

The  present  genus  belongs  in  the  order  Tillodontia^  and  is 
apparently  most  nearly  allied  to  Stylinodon.  It  is  based  upon 
the  nearly  perfect  lower  jaws,  with  most  of  the  teeth  preserved, 
and  some  fragmentary  remains  of  the  skeleton  of  the  same 
individual.  These,  specimens  indicate  an  animal  nearly  as 
large  as  a  Tapir.  The  lower  jaws  are  very  short,  and  massive, 
especially  in  the  anterior  portion.  In  each  ramus  there  were 
ten  teeth,  forming  a  continuous  series.  Three  of  these  are 
clearlv  incisors,  the  two  anterior  being  small  and  cylindrical, 
and  the  outer  one  of  enormous  size,  compressed,  faced  in  front 
with  enamel,  and  growing  from  a  persistent  pulp.  Next  to 
this,  was  a  small  tooth  which  may  have  been  a  canine,  and 
immediately  behind  this  a  series  of  six  similar  molars.  The 
latter  are  cylindrical,  and  their  sides  nearly  or  quite  covered 
with  enamel  Three  are  apparently  premolars,  and  the  large 
incisor  extends  beneath  them. 
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The  principal  measurements  of  this  specimen  are  the  fol- 
lowing : 

Extent  of  dental  series 136*  ""• 

Extent  of  six  lower  molars 95* 

Antero-posterior  diameter  of  large  incisor 37' 

Transverse  diameter 17' 

Antero-posterior  diameter  of  last  premolar 16* 

Transverse  diameter 15* 

Depth  of  lower  jaw  below  canine 80' 

Depth  below  first  molar 60* 

Depth  below  last  lower  molar 60" 

The  specimens  above  described  are  from  the  lower  Eocene  of 
New  Mexico. 

Yale  College,  New  Uayen,  Oct  23,  1876. 
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Art.  XLIIL — Experiments  on  the  nature  of  the  force  involved 
in  Crookes^  Radiometer ;  by  Prol  0,  N.  Rood,  of  Columbia 
CoUega 

It  is  impossible  for  a  physicist  to  regard  the  little  instniment 
devised  by  Mr.  Crookes  with  other  than  a  feeling  of  unusual 
interest,  based  partly  on  the  performance  of  the  apparatus  itself, 
and  partly  on  possible  applications  which  immediately  suggest 
themselves.  The  explanation  of  these  curious  phenomena 
offered  by  Ronalds,  and  afterward  more  in  detail  by  Stoney,* 
together  with  the  confirmatory  experiment  of  Schuster,  led  me 
to  devise  two  new  methods  for  still  farther  testing  the  theory 
thus  advanced,  and  to  make  at  the  same  time  an  examination 
of  the  phenomena  when  the  suspended  discs  were  under  the 
ordinary  atmospheric  pressure. 

The  explanation  offered  by  Stoney  is  based  on  the  mechani- 
cal theory  of  gases,  and  reaches  the  final  result  that  a  reaction 
takes  place  between  the  blackened  sides  of  the  movable  vanes 
and  the  glass  envelope,  so  that  there  is  a  tendencv  for  them  to 
recede  from  each  other.  I  first  arranged  an  experiment  so  that 
I  could  at  will  destroy  the  possibility  of  this  reaction  taking 
place,  without  interfering  with  the  other  necessary  conditions. 

Description  of  the  apparatus, — Two  discs  of  thin  aluminium 
foil,  A  and  B,  fig.  1,  the  same  in  size,  were  prepared,  and 

*  Od  Orookes^  Radiometer;  O.  Johnstone  Stoney,  PhiL  Mag.,  March  and  April, 
1876. 
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blackened,  each  on  one  side,  with  lampblack  to  which  a  minute 
portion  of  spirit  varnish  had  been  added.    Each  disc  was  folded 

so  as  to  be  double,  the  two  leaves  not 
\  being  in  contact     Disc  B  carried  in 

front  of  it  a  plate  of  raica  equal  in  size 

with  itself,  and  distant  from  it  about 

5  mm.     The  system  was  arranged  so 

as  to  be  capable  of  suspension  by  a 

2.  single  fiber  of  silk,  and  was  provided 

P  with  a  small  directing  magnet     Fig. 

^^^    2  gives  a  view  of  the  arrangement 

from  abova 

The  discs  thus  arranged  were  enclosed  in  a  clear  class  flask, 
which  was  exhausted  to  a  pressure  of  IJS  of  a  millimeter  and 
sealed  up. 

The  flask  with  its  contents  was  then  placed  on  a  graduated 
circle  and  centered.  The  deviations  of  the  disc  were  observed 
by  a  compound  microscope  of  low  power,  which  was  capable 
of  independent  rotation  aoout  the  axis  of  the  circle.  It  was 
provided  with  an  index  with  which  tenths  of  degrees  could 
readily  be  estimated,  the  circle  itself  being  divided  into  half 
degrees.  The  small  magnet  connected  with  the  discs  was  ren- 
dered nearly  astatic  by  an  external  magnet :  it  consumed  thirty- 
two  seconds  in  making  a  single  oscillation. 

Experiments. — The  light  of  a  luminous  gas  flame  at  a  distance 
of  twelve  inches  was  allowed  to  fall  on  the  blackened  disc  not 

Erovided  with  a  plate  of  mica,  its  companion  being  protected 
y  a  triple  screen  of  sheet  brass  from  the  action  of  the  flaroe. 
IJnder  these  circumstances  the  exposed  disc  moved  away  from 
the  light :  after  it  had  come  to  rest  ten  readings  were  made ; 
below  is  the  result  obtained  by  two  such  experiments: 

8''-06 
3°-40 


8° -23  mean  deviation  away  from  light. 

Next,  the  vane  provided  with  the  mica  shield  was  exposed, 
the  other  being  screened.  After  a  slight  agitation  it  came  to 
rest,  and  ten  readings  were  made  as  before ;  the  results  of  two 
experiments  are  given  below : 

0°-26  away  from  light 
O^'-oe  toward  the  light 

0°'10  mean. 

It  will  be  seen  that  the  interposition  of  the  mica  plate  attached 
to  the  vane  actually  did  prevent  any  reaction  from  taking 
place  between  the  disc  and  the  walls  of  the  flask,  so  that  prac- 
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tically  the  disc  remained  immovable.  In  the  next  experiment 
the  brass  screen  was  entirely  removed,  and  the  light  allowed  to 
fall  on  both  discs  simultaneously,  a  plate  of  mica,  identical  in 
substance  with  that  attached  to  the  vane,  being  placed  outside 
of  the  flask  and  opposite  the  unprotected  vane,  so  that  both 
vanes  received  the  same  amount  of  radiation,  the  only  difference 
being  that  one  of  them  was  deprived  of  its  direct  communica- 
tion with  the  walls  of  the  flask.  Under  these  circumstances  the 
disc  without  the  attached  mica  screen  moved  instantly  away 
from  the  light,  as  was  shown  by  two  careful  experiments: 


2°-42 
2**-34 


I  away  from  light. 


2°*38  mean. 

These  results  I  regard  as  confirmatory  of  the  theory  advanced 
by  Stoney,  and  as  fatal  to  the  idea  that  the  motion  is  directly 
dependent  on  the  impact  of  light  or  heat,  for  both  discs  received 
the  same  amount  of  heat  and  light 

According  to  the  theory  just  referred  to  in  these  experiments 
repulsion  took  place  between  the  blackened  disc  and  the  mica 
attached  to  it,  but  being  firmly  fastened  together,  no  motion  of 
either  could  result  Assuming  this  repulsion  to  exist  I  devised 
an  apparatus  for  making  it  evident  and  for  measuring  its 
amount 

Description  of  Apparatus. — A  disc  of  aluminium,  folded  double 
and  blackened  on  one  side,  was  provided  with  a  small  magnet, 
and  suspended  by  a  single  fiber  of  silk  in  the  interior  of  a  glass 
flask.  In  front  of  this  was  similarly  suspended  a  disc  of  glass 
such  as  is  used  for  covering  microscopic  objects ;  it  also  was 
provided  with  a  small  magnet  and  both  discs  were  properly 
counterpoised.  These  discs  were  each  seventeen  millimeters 
long,  and  fourteen  millimeters  high  :  the  weight  of  each  was  0*3 
gram,  and  the  minute  magnets  attached  to  them  were  of  nearly 
equal  strength.  The  distance  of  the  points  of  suspension  apart 
was  five  millimeters.  Figure  8  furnishes  a  view  of  the  system 
seen  from  above. 

A  is  the  aluminium  disc,  G  that  3. 

of  glass,  P  and  P'  are  the  points  of  jsL^' 

suspension,  C  and  C  the  counter-  i        ?        0r 

f)oises,   which    being   on   different    ^  ^^ 

evels  readily  passed  each   other ;      «  ^'W     '" 

and  N  S  and  N'  S'  are  the  controll- 
ing magnets.     The  exhaustion  of  the  flask  was  carried  to  0  24 
of  a  millimeter. 

Experiments, — It  will  be  observed  that  the  magnets  were  so 
arranged  as  to  tend  to  cause  the  discs  to  touch  each  other,  but 
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in  ordinary  daylight,  or  even  in  feeble  daylight^  the  repulsion 
was  so  strong  as  to  cause  the  discs  to  assume  a  parallel  posi- 
tion, or  even  to  diverge  several  degrees.  They  could  not  be 
brought  into  contact  even  by  covering  the  flask  with  white 
writing  paper,  but  paper  thicklv  painted  with  lamp  black 
always  caused  contact  in  a  few  minutes.  When  this  apparatus 
was  placed  in  a  darkened  room,  and  suddenly  exposed  to  a 
luminous  gas  flame  sixteen  inches  distant,  the  discs  instantly 
diverged,  ri^ht  and  left,  with  sensibly  equal  velocities,  and 
after  some  slight  oscillation  came  to  rest  Below  are  given  the 
final  deviations  in  two  trials ;  five  readings  being  taken  in  each 
experiment 

Aluminium.  Glass. 

12°-97  8°-36 

12^-55  8''-48 

Taking  the  mean  of  the  two  experiments,  and  calling  the 
deviation  of  the  aluminium  100,  that  of  the  glass  is  65"7.  The 
results  just  given  are  sufficiently  concordant,  and  could  have 
been  obtained  repeatedly  without  greater  variation ;  still,  owing 
to  slight  defects  of  workmanship  in  the  apparatus,  I  do  not  lay 
any  great  stress  on  them,  further  than  to  prove  that  both  discs 
are  deflected,  and  that  the  deflection  of  the  glass  disc  toward 
the  li^ht  is  somewhat  less  than  that  of  the  aluminium  awav 
from  it  In  another  experiment  with  a  similar  apparatus,  it 
was  found  that  if  the  deviation  of  the  aluminium  was  taken  as 
100,  that  of  the  glass  was  74-8. 

The  result  of  this  experiment,  is,  as  it  seems  to  me,  absolutely 
fatal  to  any  theory  which  assumes  that  the  repulsion  in  a 
Crookes'  radiometer  is  due  to  the  direct  impact  of  neat  or  light, 
and  I  think  also  it  cannot  well  be  explained  by  assuming  the 
existence  of  ordinary  convection  currents. 

Experiments  under  the  full  press^ire  of  Ae  atmo'iphere, — Being 
anxious  to  make  some  experiments  under  the  ordinary  atmos- 
pheric pressure,  1  arranged  a  blackened  disc  of  aluminium  foil, 
composed  of  two  laminae,  counterpoised,  provided  with  a  small 
magnet,  and  suspended  by  a  single  fiber  of  silk  in  a  glass  flask. 
The  time  of  oscillation  of  the  system  I  could  not  determine, 
owing  to  friction  against  the  air,  but  judge  that  it  was  between 
thirty  and  forty  seconda  This  apparatus  was  centered  on  the 
graduated  circle,  and  the  disc  observed  as  before  with  a  com- 
pound microscope.  It  was  soon  ascertained  that  the  observer 
exercised,  apparently,  an  attraction  on  the  suspended  disc,  even 
when  seated  nearly  in  its  prolongation  ;  it  followed  and  pointed 
toward  the  observer  sitting  at  a  distance  of  little  less  than  a 
meter  with  considerable  promptitude,  being  thus  deflected  from 
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its  true  position  as  much  as  20^.  The  cause  of  this  phenomenon 
I  take  to  be,  that  the  dark  heat  from  the  face  of  the  observer 
warms  mainly  that  part  of  the  flask  directly  opposite  him ;  this 
causes  a  feeble  ascending  current  of  air  in  that  region,  and  this 
again  a  horizontal  current  toward  the  heated  wall,  the  Litter 
current  acting  on  the  disc  precisely  as  the  wind  does  on  a 
weather-cock.  The  deflection  from  this  cause  was  pretty  con- 
stant, and  did  not  prevent  qualitative  observations  from  being 
made,  though  in  the  more  important  cases  I  avoided  it  alto- 
gether by  quickly  taking  the  reading  with  the  aid  of  a  screen, 
and  then  retiring  for  some  minutes  to  the  other  side  of  the 
room  before  taking  a  second  reading. 

Experiment  with,  gas  flame  and  a  solution  of  alum. — The  light 
of  a  luminous  gas  flame  at  a  distance  of  a  foot,  after  passing 
through  a  saturated  solution  of  alum  41  mm.  thick,  was  allowed 
to  act  on  the  blackened  side  of  the  disc,  and  forty  readings 
were  taken  at  intervals  of  about  twenty  seconds.  A  repulsion 
from  the  light  was  produced;  below  is  given  the  deviation 
indicated  by  the  mean  of  each  successive  set  of  ten  readings. 

0°-6  4^-01  3^-01  4°1. 

The  alum  solution  was  now  removed,  when  the  disc  began  to 
move  rapidly  toward  the  light,  and  after  twenty  readings,  had 
reached  a  final  deviation  oi  28° '7  toward  the  light  Here  it 
remained  stationary  with  small  fluctuationsL  Being  convinced 
that  the  deviation  of  28° '7  was  due  solely  to  the  heating  of  the 
glass  by  the  naked  gas-flame,  causing  thus  a  current  to  set 
toward  it,  and  drawing  the  disc  in  that  direction  after  the 
manner  of  a  weather-cock,  I  moistened  the  side  of  the  glass 
next  to  the  gas  flame  with  water  at  the  temperature  of  the 
room,  by  the  aid  of  a  small  camels'  hair  brush.  For  a  second 
or  two,  no  effect  wa.s  produced  ;  then  a  large  repulsion  ensued 
rather  forcibly,  the  disc  being  driven  away  from  the  light,  a 
deflection  of  as  much  as  180°  being  obtained,  which  tended  of 
course  to  confirm  the  idea  I  entertamed. 

While  making  the  observations  just  mentioned,  I  was  seated 
near  the  apparatus :  they  were  now  repeated,  at  intervals  of  two 
minutes,  the  alum  solution  being  employed,  and  the  observer 
removing  each  time  to  a  considerable  distance  from  the  appara- 
tus. Below  are  the  results  of  three  experiments,  consisting  each 
of  only  two  determinations  of  the  zero  point,  and  two  of  the 
deflection :  16°,  16°-4,  15°-8  away  from  light 

These  and  other  equally  constant  results  established  beyond 
a  doubt  the  fact  that  repulsion  takes  places  when  the  radiations 
are  such  as  not  sensibly  to  heat  the  walls  of  the  flask,  and  it  is 
seen  that  with  these  conditions,  the  disc  under  the  full  atmos- 
pheric pressure  imitates  the  behavior  of  one  suspended  in  a  vacuum. 
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I  conceive  the  cause  of  these  phenomena  to  be  as  follows :  the 
radiations  falling  on  the  blackened  disc  heat  it,  and  generate 
thus  an  ascending  current  of  air,  which  sweeps  upward  along 
the  surface  of  the  disc,  gathering  volume  as  it  travels  from  the 
lower  to  the  upper  eoge,  and  tending  thus  to  drive  the  disc 
away  from  the  light  The  cross  section  of  the  ascending  cur- 
rent of  heated  air  would  then,  roughly  speaking,  assume  a 
shape  like  a  Y.  To  test  this  idea,  I  arranged  the  disc  so  that 
its  upper  edge  should  be  bent  away  from  the  light,  like  an  A, 
so  as  to  give  room  to  the  ascending  current  of  air;  now,  instead 
of  hanging  with  its  walls  vertical,  they  were  deflected  as  much 
as  15°.  This  deflection  was  so  small  as  not  materially  to 
diminish  the  projection  of  the  surface  exposed  to  the  light,  but 
it  was  found  practically  to  destroy  the  repulsion.  Four  experi- 
ments were  made,  each  consisting  of  four  readings  of  the  zero 
point,  and  as  many  of  the  i>osition  of  the  disc  after  exposure, 
the  observer  removing  eacli  time  to  a  distance  from  the  appara- 
tus ;  the  results  are  given  below. 

Toward  the  light  Away  from  light. 

0°-2  2°-4,  O**-!,  1°-1. 

This  gives  as  the  mean  result  a  repulsion  of  0°*8,  and  shows 
that  the  phenomenon  diflfers  essentially  from  that  involved  in 
a  Crookes'  radiometer. 

With  this  same  apparatus,  the  disc  beiuir  still  bent  out  of  its 
vertical  position,  I  now  repeated  the  fundamental  experiment 
of  exposing  the  apparatus  to  the  action  of  a  naked  gas  flame 
under  atmospheric  pressure  ;  the  results  of  these  trials  are  given 
below. 

(1.)  The  disc  remained  stationary  a  moment,  and  then  moved 
toward  the  light. 

(2.)  Same  result. 

(3.)  Moved  a  few  degrees  away  from  the  light,  afterward 
40''  or  50^  toward  it 

(4.)  8°  away  from  light,  then  a  large  number  of  degrees 
toward  it 

(5.)  Small  deviation  toward  light,  small  deviation  away  from 
it,  large  deviation  toward  it 

(6.)  Disc  stationary,  5°  away,  50°  or  60°  toward  light. 

(7.)  5°  or  6°  toward  light,  stationary,  large  deviation  toward 
light. 

The  blackened  disc  was  now  arranged  so  as  to  hang  verti- 
cally, and  the  experiment  repeated,  all  the  other  conditions 
remaining  unaltered. 

(1.)  Repelled  20° ;  then  began  to  move  slowly  toward  flame; 
on  extinguishing  the  latter,  a  large  sudden  motion  in  same 
direction. 
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(2.)  Repulsion  of  40°  or  50°;  return  to  zero  point;  remained 
nearly  stationary  at  zero  point ;  sudden  and  large  deflection 
toward  flame,  when  it  was  extinguished. 

(8.)  Same  as  last 

(4.)  Repulsion  of  about  5°,  attraction  60°. 

These  experiments  show  that,  as  a  general  thing,  the  first 
effect  is  repulsion,  the  second  atiiuction.  They  are,  I  think, 
sufficiently  explained  by  assuming  the  existence  of  a  vertical 
current,  on  the  heated  surface  of  the  disc,  and  a  horizontal  cur- 
rent directed  toward  the  heated  side  of  the  flask;  these  act 
antagonistically,  and  when  the  disc  is  vertical,  often  balance 
each  other  more  or  less  perfectly  for  quite  an  interval.  On 
extinguishing  the  flame,  the  vertical  current  is  greatly  weakened, 
while  the  horizontal  one  is  not  much  affected,  hence  the  violent 
deflection  toward  the  heated  side  of  the  flasL 

New  York,  June  27th,  1876. 


Art.  XLIV. — Experiments   on    the    Sympaifietic    Resonance  of 

Tuning  Forks;  by  Robert  Spice. 

It  is  well  known  that  a  pair  of  forks  having  a  vibration 
number  of  256,  (Kcenig's  Ut'  forks)  show  the  phenomenon  of 
sympathetic  resonance  at  distances  apart  varying  from  three  to 
six  feet  Beyond  six  feet,  special  and  delicate  means  have  to 
be  employed  to  exhibit  their  resonance. 

It  IS  also  well  known  that  a  pair  of  forks  having  a  vibration 
number  of  512,  (Ut*  forks)  exhibit  the  phenomenon  with  sim- 
Oar  intensity  at  far  greater  distances.  The  accepted  solution 
of  this  difference  of  deportment  is,  that  as  in  the  latter  case 
double  the  number  of  impulses  are  delivered  in  a  second, 
consequently  double  the  energy  is  conveyed  to  the  distant 
fork. 

If  this  explanation  be  sufficient,  the  following  result  should 
follow;  Forces  radiating  from  a  center  obey  the  law  of  inverse 
squares;  hence,  if  the  amount  of  motion  (or  force?)  received  by 
an  Ut'  fork  at  a  distance  of  six  feet  from  its  excited  fellow  be 
represented  by  n :  then  (assuming  an  Ut*  fork  to  have  double 
the  energy  of  an  Ut'  fork,)  clearly,  the  amount  of  motion 
received  by  an  Ut*  fork  at  a  distance  of  twelve  feet  from  its 

excited  fellow,  should  be  represented  by  —    But  so  far  is  this 

from  being  the  case,  that  the  intensity  instead  of  being  one-half 
(as  calculated)  is  more  than  double.     In  fact,  at  twenty  feet  the 
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iBtensitj  of  resonance  of  Ut*  forics  is  andoubtedlj  greater  than 
the  intensity  of  Ut'  forks  at  six  feet 

A  pair  or  forks  were  cast  in  a  kind  of  bell-metal,  and  tuned 
to  Ut'.  On  Koenig's  boxes  the  resonance  was  quite  obrious  at 
twenty  feet,  and  at  forty  feet  the  responding  fork  drove  a  cork 
ball  8™"  diameter  a  distonce  of  10«»«»  I  This  result  was  greater 
than  that  obtained  with  the  steel  Ut^  forks  of  Koenig.  In  view 
of  these  facts,  it  seemed  to  me  that  a  different  explanation  was 
required  to  clear  up  the  difficulty :  and,  after  a  careful  experi* 
mental  examination  of  the  question,  I  offer  the  following 
hypothesis : 

77ie  intensity  of  sympathetic  resonance  of  forks  on  ilteir  cases 
increases  with  the  angular  deviation  or  motion  of  the  prongs. 

The  question  of  number  of  vibrations  per  second  has  its 
proper  value,  but  this  value  is  small  compared  with  the  element 
above  stated. 

I  proceed  to  explain  this  hy[X)tbesis.  Suppose  that  we  wish 
to  set  a  pendulum  in  motion,  but  are  requireu  to  fulfill  the  two 
following  conditions :  First  We  are  obliged  to  hold  the  cord 
of  the  pendulum  (point  of  suspension)  in  our  band,  and  this 
hand  is  also  to  oe  the  motive  power,  to  start  and  keep 
the  pendulum  in  motion.  Second.  We  are  only  to  be  allowed  a 
lateral  movement  of  the  hand  of  one  inch  each  way,  making  in 
all  two  inches. 

Now  the  amount  of  motion  or  amplitude  of  a  pendulum  is 
estimated  by  the  angle  the  cord  or  rod  makes  with  the  vertical ; 
and  clearly,  if  the  point  of  suspension  moves  laterally,  it  thereby 
creates  an  an.^la  If,  further,  the  point  of  suspension  has  a 
reciprocal  motion  in  accord  with  the  possible  time  of  the  pen- 
dulum,  then,  by  the  principle  of  the  summation  of  impulses, 
the  motion  of  the  entire  pendulum  will  be  gradually  augmented 
up  to  a  limit  determined  by  well-known  mechanical  theorems. 
But  if  amplitude  is  expressed  by  angular  magnitude,  then,  if 
the  initial  angle  be  increased,  the  total  motion  must  be  acquired 
in  less  time  and  be  greater.  From  which  it  follows  that,  retain- 
ing the  conditions  above  stated,  if  we  operated  on  a  pendulum 
ten  inches  long,  we  should  set  it  in  its  maximum  motion  in  less 
time  and  with  less  expenditure  of  force  than  if  we  operated  on 
a  pendulum  fifty  inches  long.     Experience  confirms  thia 

A  fork  vibrates  after  the  manner  of  a  pendulum,  and  may  be 
looked  upon  as  an  inverted  pendulum;  but  whereas,  the  length 
of  a  pendulum  determines  its  vibrating  period,  the  lengt/i  and 
thickness  together  determine  the  period  of  a  fork.  Again  :  the 
period  of  a  fork  varies  directfy  as  the  thickness,  but  inversely 
as  the  square  of  the  length  ;  hence  a  small  alteration  of  length 
will  make  a  large  difference  in  its  period ;   or,  conversely,  a 
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large  alteration  of  period  does  not  imply  a  large  difference  in 
length. 

From  measurements  made  with  an  electro-chemical  register- 
ing apparatus,  which  I  designed  for  this  and  similar  investiga- 
tions, I  find  that  when  a  fork  of  the  usual  dimensions  (between 
Ut*  and  Ut*)  is  in  vibration,  its  stem  or  handle  alternately  rises 
and  falls  in  accord  with  the  period  of  the  fork,  through  a  dis- 
tance of  about  j\  inch.  When  a  fork  on  its  case  is  influenced 
by  a  distant  fork,  the  case  gives  the  stem  this  up  and  down 
motion,  which  is  conveyed  to  the  prongs  and  sets  them  in 
vibration  after  the  manner  of  the  hand  starting  a  pendulum 
as  specified  above. 

This  motion  of  j*^  inch  may  be  looked  upon  as  a  constant, 
and  corresponds  to  the  two-inch  motion  of  the  hand  in  the 
illustration.  If  we  decrease  the  length  of  the  fork  without 
altering  the  constant,  we  thereby  allow  of  a  greater  initial  angle ; 
the  result  of  which  we  have  already  noted — it  is  the  same  as 
shortening  the  pendulum  cord.  This  much  understood,  we  are 
in  a  position  to  explain  the  deportment  of  the  bell-metal  forks 
cited.  The  velocity  of  sound  m  bell-metal  is  much  less  than  in 
steel,  hence,  retaining  similar  thicknesses  in  both  cases,  an  Ut' 
fork  in  bell-metal  would  be  shorter  than  an  Ut'  fork  in  steel ; 
the  ratio  of  the  length  of  the  steel  to  that  of  the  bell-metal 
ranging  as  90  :  75.  Therefore,  though  we  retain  the  vibration- 
number,  we  gain  advantage  from  the  shortness  of  the  fork,  and 
hence  from  iTie  increase  of  angular  motion  of  the  prongs. 

It  was  suggested  to  rne  that  possibly  bell-metal  had  the  prop- 
erty of  accepting  motion  more  readily  than  steel.  To  test  this 
point  I  made  a  pair  of  Ut=  steel  forks,  shorter  than  Kcenig's, 
and  of  course  thinner,  in  order  to  retain  the  vibration -number. 
These  forks  behaved  just  like  the  bell-metal  forks.  Further,  I 
made  a  pair  of  Ut*  forks  as  long  as  Kcenig's  Ut'  forks,  and  of 
course  tnicker.  These  behaved  like  Kcenig's  Ut'  forks.  Final- 
ly, taking  a  Kcenig  Ut'  fork  on  its  case,  and  one  of  the  short 
tJt*  forks  also  on  its  case;  on  placing  them  twenty  feet  apart, 
it  was  found  that,  on  exciting  Koenigs  fork,  my  short  fork 
responded  well,  whereas  on  exciting  the  short  fork  Kcenig's 
did  not  respond  at  all. 

230  Bridge  St.,  Brooklyn,  July,  1876. 
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Art.  XLV. — Tt/pes  of  Orographic  Structure;  by  Major  J.  W. 

Powell. 

[The  following  pages  on  "  Types  of  Orographic  Structure,"  are 
cited  from  Major  JPowelPs  Report  on  the  •*  Geology  of  the  Uinta 
Mountains."  They  are  preceded  in  the  volume  by  a  brief  topo- 
graphical account  of  the  region  between  the  Sierra  Nevada  and 
the  Front  Range  of  the  Rocky  Mountains,  and  having  for  its 
northern  boundary,  as  at  present  understood,  the  North  Platte 
and  its  proper  upper  continuation,  the  Sweetwater  River.  This 
area  is  divined  into  three  provinces,  namely — passing  from  east  to 
west, — the  Park  Province,  the  Plateau  Frovince  and  the  Basin 
Province.  The  first  is  described  as  including  the  great  parks  of 
Southern  Wyoming,  Colorado  and  Northern  New  Mexico,  and 
comprises  many  ranges  of  mountains  which  are  '^  characterized  by 
a  great  development  of  metamorphic  crystalline  schists,  mostly 
Archfldan  in  age,  with  patches  and  structural  basins  of  marine  and 
lacustrine  sediments  of  later  time,  and  a  complicated  series  of  vol- 
canic formations. 

The  Plateau  Province  is  that  directly  drained  by  the  Colorado 
and  its  tributaries,  through  which  the  streams  generally  run,  not 
in  wide  valleys,  but  in  canons ;  the  vast  area  is  strictly  a  plateau 
region  embracing  many  table-shaped  elevations  bounded  by  cafion 
and  cliff  escarpments,  and  diffenng  in  its  succession  of  sedimentary 
strata  from  others  in  North  Amenca,  and  also  in  its  displacements 
or  uplifts ;  moreover,  Cenozoic  and  Mesozoic  rocks  prevail,  though 
some  of  the  important  plateaus  are  of  Carboniferous  beds,  and  in 
places  the  subjacent  rocks  even  down  to  the  Archsean  are  exposed 
to  view  in  consequence  of  erosion. 

The  Basin  Range  system  includes  the  Great  Salt  Lake  region, 
and  other  valleys  and  ridges  extending  through  Western  Utah, 
Nevada,  Southeastern  California  and  perhaps  across  the  Colorado 
in  Western  Arizona ;  and  embraces  Paleozoic  beds  as  well  as 
metamorphic  schists,  along  with  eruptive  beds,  some  of  which  are 
the  principal  component  parts  of  the  ranges.] 

It  seems  convenient  to  give  a  general  account  of  the  types 
of  orographic  structure  in  the  Colorado  region  before  character- 
izing each  province  by  its  special  type. 

In  this  discussion  I  wish  to  use  certain  terms  with  a  restricted 
or  relative  meaning;  i.  e.,  in  treating  of  anticlinal  and  synclinal 
flexures  I  shall  speak  ot  those  portions  of  the  sedimentary  beds 
which  are  adjacent  to  the  anticlinal  axes  as  having  been  up- 
heaved, and  those  portions  near  their  synclinal  axes  as  havinff 
subsided.  Again,  in  blocks  which  are  bounded  by  faults  and 
tilted,  I  shall  speak  of  such  portions  as  are  at  a  higher  level  as 
having  been  uplifted,  and  portions  occupying  a  lower  level  as 
thrown.     In  such  cases  I  do  not  wish  to  commit  myself  to  any 
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theory  of  upheaval  or  collapse  in  the  change  of  the  relation  of 
the  several  parts  of  these  beds  to  the  center  of  the  earth. 

In  treating  of  the  structure  of  the  mountains  under  consider- 
ation it  is  necessary  to  distinguish  two  great  classes,  viz:  those 
composed  of  sedimentary  strata,  altered  or  unaltered,  and  those 
composed  of  extravasated  material. 

Mountains  composed  of  Skdimentary  Strata. 

I.  Appalachian  Stiticture, 

The  structure  of  the  Appalachian  Mountains,  with  closely 
appressed  folds  and  axial  planes  tipped  back  from  the  sea,  the 
modifications  of  these  folds  by  faults,  and  the  primary  and  con- 
comitant forms  of  the  mountains,  have  been  clearly  explained 
by  the  Messrs.  Rogers  and  later  writers,  and  have  formed  the 
basis  of  many  discussions  concerning  geological  dynamics. 
This  Appalachian  structure  needs  no  further  mention  here,  as 
it  is  a  type  of  structure  which  so  far  has  not  been  found  in  the 
region  described  above,  and  should  it  be  found  hereafter  it  will 
simply  be  an  exceptional  type  to  those  known  to  prevail. 

II.  Simple  Anticlinal  Structure. 

Mountains  or  short  ranges  carved  from  simple  anticlinals  are 
sometimes  found,  though  this  type  of  structure  is  not  a  prevail- 
ing one.  Usually  in  such  a  case  the  great  mountain  mass  lies 
in  the  central  zone  of  the  uplift.  The  fold  is,  of  course,  always 
found  truncated  by  erosion,  and  the  mountains  represent  but 
the  difference  between  the  amount  of  upheaval  and  the  amount 
of  such  erosion.  When  not  complicated  by  other  types  of 
structure  the  strata  dip  on  all  sides  from  the  center  of  upheaval, 
gently  or  more  abruptly,  but  the  sides  of  tlie  folds  are  never 
closely  appressed.  Such  mountains  in  primary  form  are  gently 
rounded  m  general  outline,  modified  by  the  erosion  of  the 
streams  running  down  their  sides.  Sometimes  such  mountains 
are  severed  by  rivers  running  longitudinally,  transversely  or 
obliquely  through  them;  the  rivers  themselves  having  their 
sources  in  regions  far  away  and  passing  through  the  mountains 
in  their  courses  to  the  sea.  In  Northeastern  Colorado  a  short 
distance  above  the  junction  of  the  Snake  River  with  the  Yam- 
pa,  stands  Junction  Mountain,  which  serves  as  a  fine  illustra- 
tion of  this  type  of  structure.  The  mountain  is  divided  into 
two  unequal  parts  by  acafion,  through  which  the  Yampa  River 
runs.    The  axis  of  the  mountain  has  a  north  and  south  direction. 

Figure  1  is  a  section  through  this  mountain,  in  a  north  and 
south  direction,  along  the  axis  of  upheaval.  Figure  2  is  a  sec- 
tion through  it  in  a  transverse  direction. 


J.  W.  Powdi-~l\fpea  y  Orogn^)k»e  S^ueture. 


OOMOtnOTAMT  I 


1,  Jdanodnuil  Rviges  on  the  Flanks, — Under  conditions  which 
are  so  well  known  as  to  need  no  further  explanation  here,  mono- 
clinal  ridges  or  hc^backs  are  formed  on  the  flanks  of  such  np- 
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heavals,  and  sometime?  such  monoclinal  ridges  are  of  such 
magnitude  as  to  be  dignified  witb  the  name  of  mountains. 
Where  two  or  more  series  of  indurated,  inclined  beds  are  sep- 
arated by  extenaive  series  of  softer  material,  two  or  more  mono- 
clinal ridges  may  be  formed. 
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2.  Monoclinal  Ridges  only. — Sometimes  we  find  that  an  anti- 
clinal upheaval  has  been  eroded  in  intaglio^  so  that  there  is  no 
great  central  mountain  mass,  but  the  axis  of  upheaval  is  the 
site  of  a  valley  or  low  plain,  but  the  monoclinal  ridges  on  the 
flanks  remain. 

8.  Inclined  Phiteaus, — Where  the  anticlinal  upheaval  has  a 
great  amplitude,  as  compared  with  the  vertical  uplift,  the  beds 
incline  but  slightly.  Under  such  conditions  inclined  plateaus 
or  mesas  are  found  instead  of  monoclinal  ridges,  usually  having 
steep  escarpments  facing  the  axis  of  the  flexure. 

IIL   Uinta  Structure, 

In  the  Uinta  Mountains  we  have  a  great  range  carved  from 
an  anticlinal  upheaval,  the  axis  of  which  has  an  easterly  and 
westerly  trend,  and  is  more  than  one  hundred  and  fifty  miles 
in  length.  It  terminates  abruptly  against  the  Wasatch  Moun- 
tains on  the  west  and  is  cut  off  by  the  short,  abrupt  anticlinal 
of  Junction  Mountain  on  the  east,  the  latter  having  its  axis  in 
a  north  and  south  direction.  There  are  several  important  facts 
observed  in  the  study  of  this  great  flexure.  Its  axis  has  been 
lifted  above  the  level  of  the  sea  about  thirty  thousatid  feet,  and 
above  the  level  of  the  adjacent  country  about  twenty-five 
thousand  feet  From  flank  to  flank  the  flexure  is  about  fifty 
miles,  but  varies  much  in  width.  We  find  on  either  flank, 
many  miles  from  the  axis,  a  line  of  maximum  flexure,  which 
line  presents  a  subparallelism  with  the  meandering  axis.  These 
lines  have  the  eflect  of  two  monoclinal  flexures  in  opposite 
directions,  separated  by  the  broad  table,  diversified  by  elevated 
valleys  and  peaks  of  which  the  great  mass  of  the  Uinta  Moun- 
tains is  composed.  But  the  portion  between  these  monoclinal 
flexures  or  lines  of  greatest  flexure  is  itself  gently  flexed.  In 
many  places  that  which  I  have  called  the  line  of  greatest  flex- 
ure is  indeed  a  fault,  in  one  place  on  the  north  side  of  the 
Uinta  Mountains  having  a  throw  of  twenty  thousand  feet  On 
the  south  side  the  line  of  greatest  flexure  is  very  irregular, 
being  complicated  in  some  places  by  faults  having  uplifts  op- 
posed to  the  downthrow  of  the  flexure.  On  either  side  the 
great  displacement  is  partlj  by  faulting,  partly  by  flexing,  and 
either  flank  is  a  zone  of  diverse  displacement  where  the  strata 
are  faulted,  flexed,  twisted  and  contorted  in  many  ways. 

The  character  of  these  displacements  in  the  Uinta  Mountains 
is  illustrated  in  Plates,  1,  2  and  8  of  the  Atlas,  and  in  a  subse- 
quent chapter  the  subject  will  be  more  fully  discussed. 

The  simplest  topographic  forms,  produced  by  such  displace- 
ments under  conditions  of  erosion  in  general  outline,  are  pla- 
teaus with  gently  rounded  summits  and  abrupt  shoulders  on 
the  flanks ;  but  such  general  outline  is  often  modified  by  the 
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corraaion  due  to  antecedent  or  superimoosed  drainage ;  that  is, 
by  the  corrasion  of  streams  that  head  in  remote  regions  and 
pass  through  these  uplifts  either  longitudinally,  transversely  or 
obliquely,  as  in  the  case  of  Simple  Anticlinals.* 

There  are  other  modifications  which  sometimes  greatly  ob- 
scure the  general  topographic  outline  due  to  consequent  drain- 
age, i.  e.,  the  local  drainage  which  is  due  to  the  upheaval  itself 
and  which  produces  interesting 

OONCX)MITANT  FORM& 

1.  Subsidiary  Plateaus, — Sometimes  the  streams  which  head 
near  the  axis  of  such  an  upheaval,  as  they  meander  to  the 
flanks,  excavate  valleys  and  divide  the  great  block,  which  is  a 
plateau  in  general  outline,  into  minor  plateaus  which  are  sepa- 
rated by  intervening  but  elevated  valleys.  This  is  especially 
the  case  where  the  streams  in  their  upper  courses  follow  for 
some  distance  the  strike  of  the  beds  before  turning  to  cross  the 
more  or  less  abrupt  lines  of  maximum  flexure.  Sometimes 
these  streams  run  in  deep  gorges;  in  such  cases  the  plateaus 
are  bounded  by  caiions. 

2.  Projecting  Ridges, — When  these  consequent  streams  start- 
ing near  the  axis  of  upheaval  take  a  somewhat  direct  course 
across  the  strike,  the  general  plateau  is  cut  into  a  series  of  sharp, 
abrupt  ridges  having  a  trend  at  right  angles  to  the  strike  or 
general  axis  of  upheaval.  Thus  the  points  of  the  ridges  face 
the  plain  below  and  arc  separated  by  aeep  gulches  and  cafions, 
and  the  observer  on  the  plain  below  sees  before  him  what  ap- 
pears to  be  a  line  of  peaks  separated  by  intervening  gulches 
and  valleys,  and  is  apt  to  raisunderatand  the  topographic  char- 
acter of  the  great  mass  which  is  before  him. 

3.  Axial  Peaks. — At  some  stages  in  the  progress  of  erosion 
the  channels  of  consequent  drainage  inosculate,  and  about  their 
heads  gorges  are  formed,  with  towering  amphitheaters.  In 
such  cases  an  irregular  line  of  crags  and  peaks  will  be  found 
along  the  axis  of  upheaval.     These  I  call  axial  peaks. 

4.  Fla7)king  Peah, — Sometimes  we  find  a  very  hard  bed  or 
group  of  beds  underlaid  by  more  friable  strata  on  a  flank  of  the 
upheaval,  which  harder  beds  have  been  carried  away  by  erosion 
from  those  portions  of  the  upheaved  mass  nearer  the  axis.  In 
such  cases  each  projecting  ridge  is  crowned  with  a  true  peak. 
I  call  these  flanking  peaks. 

5.  Interrupted  Alonoclinal  Ridges, — On  the  flanks  of  these  up- 
heavals, but  farther  from  the  axis  than  the  flanking  peaks,  mo- 
noclinal  ridges  are  often   found   sometinies   broken    by  gaps 

*  For  an  explanation  of  what  is  meant  by  antecedent  and  superimposed  drain- 
age, the  reader  is  referred  to  the  Report  on  the  Exploration  of  the  Colorado  Biver 
and  its  Tributaries,  page  160,  et  seq. 
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which  are  the  channels  of  intermittent  or  permanent  streams, 
and  these  ridges  are  very  irregular  and  often  interrupted. 
Where  the  downthrow  is  by  simple  flexure,  a  complete  series  is 
formed.  Where  it  is  partly  by  flexing  and  partly  by  faulting, 
some  of  the  monoclinal  ridges  disappear.  W  here  the  faulting 
is  on  the  side  of  the  zone  of  maximum  flexure  nearest  to  the 
axis,  the  ridges  of  the  upper  beds  appear ;  but  where  the  fault- 
ing is  on  the  side  of  the  zone  of  maximum  flexure  farthest 
from  the  axis,  the  ridges  of  the  lower  beds  appear;  and  where 
the  displacement  is  chiefly  or  entirely  by  faulting,  there  are  no 
monoclinal  ridges. 

rV. — Kaibab  S^ucture. 

In  the  region  under  discussion  we  often  find  the  sedimentary 
beds  broken  into  blocks  by  faults  or  their  homologues,  mono- 
clinal flexures,  and  these  blocks  have  been  gently  tilted  in 
broad  masses.  I  have  discussed  this  subject  somewhat  at  length 
in  my  Report  on  the  Exploration  of  the  Colorado  River  of  the 
West  and  its  Tributaries,  published  in  1875 ;  and  in  fig.  8  I 
reproduce  a  section  and  bird's  eye  view  of  the  plateaus  north 
of  the  Grand  CaBon,  which  was  used  in  that  volume.  An  ex- 
amination of  this  will  fully  reveal  the  characteristics  of  what  I 
have  called  the  Kaibab  structure.  The  grand  topographic 
features  which  result  from  this  structure  are  plateaus  with 
broken  edges  where  they  are  bounded  by  faults,  flexed  edges 
where  they  are  bounded  by  monoclinal  flexures,  and  with 
escarpments  where  they  are  bounded  by  cafions  or  lines  of  cliffs. 

OOKCOmTAKT  FORMB. 

1.  C/tfffi  of  Displacement, — When  a  plateau  is  bounded  on  one 
side  by  a  fault,  the  edge  of  the  plateau  is  an  escarpment  often 
so  abrupt  as  to  present  a  more  or  less  irregular  line  of  cliffs. 

2.  Slopes  of  Displacement — When  the  displacement  is  a  flex- 
ure rather  than  a  fold,  the  edge  of  the  plateau  is  a  broken  slope. 
I  have  discussed  these  cliff's  and  slopes  of  displacement  some- 
what at  length  in  the  volume  already  quoted  several  times, 
page  182  et  seq, 

8.  Afonoclinal  Ridges  on  the  Flanks, — On  the  flanks  of  these 
monoclinal  flexures,  under  proper  conditions  which  have  already 
been  described,  monoclinal  riages  are  formed. 

4.  Monoclinal  Ridges  tcith  Plateau  carried  away, — As  in  sim- 
ple anticlinal  upheavals  the  central  mass  may  be  entirely  carried 
away  leaving  out  monoclinal  ridges,  in  like  manner  in  the 
Kaibab  structure  the  principal  plateau  mass  may  be  carried 
away  leaving  only  the  monoclinal  ridges.  This  I  have  also 
discussed  in  the  volume  already  quoted. 

5.  Projecting  Ridges. — It  is  selaom,  perhaps  never,  the  case 
that  the  strata  of  one  of  these  plateaus  are  left  by  the  general 
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displacement  in  a  horizontal  position  ;  but  every  block  is  tilted 
more  or  less,  and  often  a  valley  appears  at  the  foot  of  the  slope, 
and  the  streams  which  head  on  the  opposite  brink  of  the  pla- 
teau have  excavated  valleys,  leaving  intervening  ridges  which 
project  into  the  valley,  having  an  effect  somewhat  like  that 
aescribed  as  one  of  the  concomitant  forms  of  the  Uinta  structure. 

6.  Oiffs  of  Erosion. — An  inclined  plateau  may  be  bounded 
on  the  u|)heaved  side  by  an  escarpment  of  erosion,  and  such  an 
escarpment  is  gradually'  carried  back  by  an  undermining  pro- 
cess irom  the  line  of  greatest  upheaval.  The  drainage  of  such 
a  plateau  is  usually  from  the  brink  of  this  escarpment  toward 
the  valley  on  the  opposite  side  ;  yet  a  minor  drainage  is  found 
which  carves  out  deep  gulches,  and  the  cliffs  of  erosion  have 
deep  reentrant  and  sharp  salient  angles. 

7.  Buttes, — Sometimes  the  gulches  which  form  the  deep, 
reentrant  angles  of  a  line  of  cliffs  have  lateral  gulches,  which 
by  continued  erosion  coalesce,  and  the  salient  angles  are  grad- 
ually cut  off  from  the  escarpment,  which  is  ever  retreating.  In 
this  manner  buttes  are  formed  as  outliers  of  cliffs. 

8.  Cameo  Mountains, — Wherever  considerable  areas  of  hori- 
zontal or  nearly  horizontal  strata  are  found  sufficientl}'  elevated 
above  the  base  level  of  erosion,  and  such  areas  are  drained  by 
two  or  more  subparallel  water-courses,  the  lateral  drainage  of 
these  water-courses  will  gradually  inosculate  in  their  upper 
ramifications,  and,  carving  out  deep  channels,  will  leave  bemnd 
mountains  of  horizontal  strata.  Such  mountains  are  often  of 
ereat  beauty.  This  is  especially  the  case  where  the  beds  are  of 
aifferent  texture  and  color,  when  the  mountains  will  be  ter- 
raced and  buttressed  in  beautiful  regularity,  and  banded  with 
the  colors  which  are  characteristic  of  the  several  beds  of  which 
they  are  composed. 

A  few  miles  north  of  the  Uinta  Mountains,  on  the  west  side 
of  the  Green  Eiver,  a  group  of  such  mountains  is  found,  to 
which  I  have  given  the  name  Cameo  Mountains,  and  I  call  this 
the  Cameo  structure. 

V.     Basin  Range  Structure, 

When  the  blocks  into  which  a  district  of  country  has  been 
broken  by  faults  are  greatly  tilted  so  that  the  strata  dip  at  high 
angles,  the  uplifted  edges  of  such  bl(x:ks  often  form  long  moun- 
tain ridges.  Such  ridges  have  the  general  appearance  of  the 
monoclinal  ridges  already  described  as  concomitants  of  other 
types  of  structure :  but  in  this  case  the  ridges  constitute  the 
chief  mountain  masses  themselves,  and  form  another  general 
structural  type.  The  monoclinal  ridges  are  due  to  the  erosion 
of  upheaved  strata;  these  ridges  are  due  to  displacement;  they 
may  also  be  eroded,  but  in  so  far  as  erosion  has  progressed  the 
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ridge-like  structure  is  obscured.  Many  of  the  ridge-like  moan 
t&iDs  of  the  Basin  Province  have  this  structure.  Such  a  ridgi 
is  composed  of  monoclinal  strata,  the  one  side  presenting  a  boH 
escarped  front,  the  other  a  more  gently  sloped  back  conforminf 


to  a  greater  or  less  degree  with  the  dip.  Sometimes  the  ridge 
themselves  are  faulted  longitud inally,  transversely  or  obliqueh 
and  the  faults  may  be  slight  or  of  great  magnitude;  but  t& 
more  common  structure  is  a  simple  ridge  with  slight  transveiB 
or  oblique  faults. 
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OaaOOMTIAXT    FOBKB. 

1.  Monoclinal  Ridges  on.  the  Back. — On   the   backs  of  these 
asiiJ  ranges  monoclinal  ridges  have  been  observed. 


VI. — Zona  of  Diverse  DiaplacemerU. 
In  this  region  many  zones  or  irregular  areas  of  country  are 
>and  to  be  divided  into  small  blocKs  by  faults  and  flexures 
inniDg  in  diverse  directions,  and  these  may  be  horizontal  or 
e  tipped  at  high  or  low  aisles,  or  even  be  overtomed.  The 
>tal  effect  of  this  diverse  displacement  may  be  to  uplift  the 
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area  above,  or  depress  it  below,  the  adjacent  country,  or  not  to 
change  its  relative  altitude.  These  features  are  exhibited  on  a 
small  scale  within  a  limited  area,  usually  so  elongated  as  to  be 
termed  a  zona 

During  the  past  season  Mr.  G.  K.  Gilbert  has  studied  an  area 
where  this  diverse  displacement  is  by  faulting,  and  the  £EiultB 
are  of  no  great  magnitude,  and  the  blocks  into  which  the  area 
has  been  severed  are  either  not  tilted  or  but  slightly  so.     This 

Presents  the  simplest  illustration  of  this  type  that  has  yet  been 
iscovered.     It  is  simply  the  Kaibab  structure  on  a  very  small 
scale.     Fig.  4  is  a  bira*s  eye  view  of  the  blocks  mentioned.   In 

Fio.  6. — ^T3rpe8  of  Displaoement 
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A. — Simple  ADtidinal  displnoeiiient 
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B. — Uinta  displacement 


C. — Kaibab  displacement. 
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D. — Basin  Range  displacement 
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E. — Zone  of  Diyerse  displacement. 

the  section,  in  the  foreground,  the  heavy  line  represents  the 
summit  of  the  highest  Cretaceous  group.  Fi^.  5  is  a  diagram 
of  the  same  region  showing  the  blocks  into  which  it  is  severed, 
and  the  same  restored  to  the  condition  they  would  have,  lud 
there  been  no  denudation. 

On  the  south  side  of  the  Uinta  Mountains,  and  east  of  the 
Green  Eiver,  another  comparatively  simple  area  has  beeo 
studied  by  myself.  This  zone  of  diverse  displacement  is  ot 
the  flank  of  the  great  Uinta  upheaval.  These  displacement! 
are  chiefly  by  flexures  rather  than  by  faults,  and  the  blocks  aw 
more  tilted  and  contorted  than  in  the  last 
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In  Atlas,  plate  No.  4,  we  have  a  stereogram  representing 
these  displacements,  and  in  a  subsequent  cnapter  the  subject 
is  more  fully  discussed. 

Many  other  areas  far  more  complex  than  these  have  been 
discovered,  where  a  zone  has  been  broken  into  blocks,  and 
these  blocks  tipped  and  contorted  in  diverse  ways  and  direc- 
tions, like  the  blocks  of  ice  crowded  in  an  eddy  of  a  northern 
river  at  the  time  of  its  spring  flood.  The  topographic  features 
found  in  such  areas  are  zones  of  irregular  hills. 

Figure  6  is  a  diagram  illustrating  the  general  types  of  dis- 
placement heretofore  discussed.  A  represents  a  Simple  Anti- 
clinal displacement ;  B,  a  Uinta  displacement ;  C,  a  Kaibab 
displacement ;  D,  a  Basin  Range  displacement ;  and  E,  a  Zone 
of  Diverse  displacement 

Mountains  composed  in  whole  or  in  part  of  Extra- 

VASATED  Material. 

We  are  not  able  in  the  present  state  of  our  knowledge  to 
draw  legitimate  conclusions  concerning  the  relation  of  the  erup- 
tive rocKS,  so  widely  distributed  through  all  three  of  these  geo- 
logical provinces,  but  the  following  types  of  structure  have  been 
observed. 

VIL — Table  Mountain  Structure. 

We  often  find  beds  of  sedimentary  strata  preserved  from 
erosion  by  a  capping  of  lava.  Such  are  usually  called  table 
mountains;  the  underlying  strata  may  be  horizontal  or  in- 
clined Earlier  stages  of  this  structure  are  seen  in  mesas  or 
low  tables,  and  sometimes  in  valleys  or  gulches  which  have 
been  filled  with  extravasated  material,  and  erosion  has  pro- 
ceeded to  a  limited  extent  on  either  side  of  these  harder  masses, 
carrying  away  the  softer  sedimentary  material,  and  leaving  the 
harder  volcanic  rocks  in  the  midst  of  the  valley  ;  and  this  may 
have  an  elevation  less  or  greater  than  that  of  the  adjacent 
country  beyond  the  rim  of  the  valley. 

A  fine  example  of  a  table  mountain  is  found  in  Pilot  Butte, 
in  Wyoming  Territory. 

VIIL —  Uinkaret  Structure, 

Simple  sheets  of  lava  may  be  poured  into  a  valley  or  on  a 
f  plain,  and  serve  as  a  protection  to  the  sedimentary  beds  which 
are  immediately  underlying  them,  and  as  the  erosion  of  the 
t'  adjacent  country  not  thus  protected  progresses,  new  vents  may 
t  be  formed  along  the  edges  of  such  sheets  and  at  a  lower  level. 
Still  erosion  progresses,  and  still  new  floods  of  lava  are  poured 
out,  and  still  at  lower  levels,  until  a  mountain  is  left  behind 
with  its  central  mass  composed  of  sedimentary  material,  but 
,  covered  on  the  summit  and  flanks  with  irregular  and  overlap- 
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ping  patches  of  lava.  Thus  lava  bed  is  imbricated  on  lava  bed, 
but  unlike  the  tiles  of  a  roo^  the  upper  edge  of  the  lower  sheet 
is  placed  on  the  lower  edge  of  the  upper.  This  structure  is 
well  represented  in  the  Uinkaret  Mountains  in  Northern  Ari- 
zona, and  has  been  more  fully  discussed  bv  me  elsewhere.  (  Vide 
The  Exploration  of  the  Colorado  River,  &c.,  page  199  et  seq,) 

IX. — Tu'Shar  Structure. 

When  a  plain  or  valley  which  receives  extravasated  material 
from  below  remains  at  a  base  level  of  erosion  during  the  period 
of  successive  eruptions,  flood  of  lava  is  piled  on  flood  of  lava 
until  a  vast  mass  of  material  is  accumulated  from  which  the 
rains  and  streams  carve  mountains.  The  several  beds  of  which 
such  a  mountain  mass  is  composed  are  exceedingly  irregular, 
from  three  causes :  first,  each  bed  as  poured  out  was  an  irreg- 
ular mass,  due  to  its  degree  of  fluidity  and  the  character  of  the 
ground  on  which  it  was  poured ;  second,  each  bed  was  more 
or  less  modified  by  erosion,  which  occurred  after  it  was  poured 
out,  and  before  it  was  covered  by  a  subsequent  flood;  and, 
third,  the  general  mass  has  been  eroded  to  a  greater  or  less  ex- 
tent in  producing  the  present  forms. 

The  volcanic  activity  being  in  a  region  where  movements  of 
displacement  are  in  progress,  it  is  often  the  case  that  the  struc- 
ture of  this  class  of  mountains  is  greatly  modified  by  such  dis- 
f)lacements.  Mountains  composed  of  such  irregular  be^ls  of 
ava  are  of  frequent  occurrence  in  the  region  under  discussion. 
A  fine  example  is  seen  in  the  vicinity  of  the  town  of  Beaver, 
Utah  Territory,  in  what  are  known  as  the  Tu-shar  Mountains. 

X. —  Volcanic  Structure, 

When  many  eruptions  come  successively  from  the  same  vent, 
and  each  is  a  comparatively  small  amount,  cones  are  built 
Cones  of  such  simple  structure  are  of  frequent  occurrence  in  the 
region  under  discussion.  Great  complex  cones  such  as  are 
found  in  other  parts  of  the  world  do  not  occur,  but  a  few 
double  and  one  triple  cone  have  been  observed.  The  great 
majority  of  the  cona<^  observed  are  built  of  cinders  on  broad 
sheets  of  lava,  and  are  in  fact  concomitant  forms  of  lava  mesas. 
Such  cones  are  comparatively  ephemeral,  as  the  scoria  and 
ashes  of  which  they  are  composed  yield  readily  to  atmospheric 
degradation.  Where  such  a  cone  exists,  still  having  a  well 
defined  crater,  its  condition  testifies  to  the  lateness  of  its  origin, 
and  all  the  facts  relating  to  the  sheet  of  lava  on  which  it  rests 
fully  corroborate  the  conclusion.  From  such  evidence  we  are 
able  to  infer  the  recency  of  much  of  the  volcanic  activity  in  the 
three  provinces.  If  the  human  history  of  America  could  be 
carried  back  to  as  early  a  date  as  it  has  been  in  Asia,  it  cannot 
be  doubted  thai  \.\\e  earlier  chapters  of  that  history  would  be 
replete  with  the  aeeoxxxvXa  oi  \cj^^^\ivi,^\^av* 
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XL — Henry  Mountain  Structure. 

Sometimes  we  find  the  sedimentary  strata  displaced  by  a 
quaquaversal  upheaval  and  the  same  fractured,  and  through 
these  fractures  floods  of  lava  have  poured,  and  these  may  lie  in 
patches  about  the  flanks  of  the  mountains,  or  stand  in  dikes 
where  the  walls  of  the  crevice  have  been  swept  away  by  denud- 
ation. In  the  Henry  Mountains  we  have  a  fine  illustration  of 
this  type  of  srructura  These  mountains  have  been  studied  by 
Mr.  Gilbert  during  the  past  season,  and  in  his  preliminary  re-  . 
port  he  says :  **  The  eruptions  of  the  Henry  Mountains  are  of  a 
character  entirely  novel  to  me,  and  they  were  studied  with  an 
interest  stimulated  by  surprise.  A  description  of  a  single  one, 
though  it  will  not  stand  for  all,  will  serve  to  illustrate  the  type. 

Mount  Ellsworth  is  round,  and  its  base  is  six  or  eight  miles 
broad.  The  strata  of  the  plain  about  it  are  horizontal  on  every 
sida  Near  the  mountain  the  level  strata  become  slightly  in- 
clined, rising  from  all  sides  toward  the  mountain.  At  its  base 
the  dip  steadily  increases  until  on  the  steep  flanks  it  reaches  a 
maximum  of  forty-five  degrees.  Then  it  begins  to  diminish, 
and  the  strata  arch  over  the  crest  in  a  complete  dome.  But  the 
top  of  the  dome  has  cracked  open,  and  tapering  fissures  have 
run  out  to  the  flanks,  and  thev  have  been  filled  with  molten 
rock,  which  has  congealed  and  formed  dikes.  Moreover,  the 
curving  strata  of  sandstone  and  shale  have  in  places  cleaved 
apart  and  admitted  sheets  of  lava  between  them.  So  the  moun- 
tain is  a  dome  or  bubble  of  sedimentary  rocks  with  an  eruptive 
core,  with  a  system  of  radial  dikes,  and  with  a  system  of  dikes 
interleaved  with  the  strata.     It  is  a  mountain  of  uplifted  strata, 

distended  and  permeated  by  eruptive  rock." 

«  «  -N  «  «  « 

In  the  foregoing  characterization  of  certain  types  of  structure 
found  in  these  regions,  I  have  not  attempted  to  adopt  a  system 
of  exact  classification,  which  should  be  ooth  inclusive  and  ex- 
clusive as  the  types  do  not  admit  of  such  classification.  No 
"  hard  and  fast  lines''  can  be  drawn.  I  have  simply  attempted 
to  indicate  the  important  types  with  their  primary  and  concom- 
itant forms. 

It  is  manifest  that  the  structure  of  a  sedimentary  mountain 
will  depend  primarily  upon  two  elements — the  type  of  the  dis- 
placement and  the  character  and  extent  of  erosion.  The  ero- 
sion may  be  antecedent  or  superimposed,  or  it  may  be  conse- 
quent, or  these  methods  may  be  combined,  and  the  erosion  may 
be  modified  by  dip,  texture,  and  other  characteristics  of  the 
beds  producing  concomitant  forms. 

For  convenience,  I  subjoin  the  following  synopsis  of  the 
types  of  mountain  structure  recognized  in  the  foregoing  dis- 
cussion. 
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L  Mountains  composxd  of  Seddibntabt  Strata,  altered  or  uvaltebed. 

I. — Appalachian  StrHcturt. 
(Not  found  in  the  three  provinces.) 

n. — Simple  AfUidifuU  Structure. 

Primaiy  topographic  form :  Plateau  with  rounded  vertical  outline. 
Concomitant  forms:    1.  Monodinal  Ridges  on  the  Flanks.      2.  Monodinal 
Ridges  only.    3.  Inclined  Plateaus. 

IIL— Uinta  Structure. 

Primary  topographic  form :  Plateau  with  rounded  summit  and  abrupt  shoulders 
on  the  flank. 

Concomitant  forms :  1.  Subsidiary  Plateaus.  2.  Projecting  Ridges.  3.  Axial 
Peaks.    4.  Flanking  Peaks.    5.  Interrupted  Monoclinal  Rid^. 

IV.-^Kaibab  Structure. 

Primary  topographic  form :  Plateau  with  angular  outlines. 

Concomitant  forms :  I.  Cliffs  of  Displacement  2.  fflopes  of  Displacement. 
3.  Interrupted  Monoclinal  Ridges  on  the  Flanks.  4.  Monoclinal  Ridges  with 
Plateau  carried  away.  5.  Projecting  Ridges.  6.  Cliffs  of  Erosion.  7.  Butles. 
8.  Cameo  Mountains. 

Y. — Baain  Range  Structure. 

Primary  topographic  form :  Monoclinal  ridges  of  displacement. 
Concomitant  forms :   I.  Monoclinal  ridges  on  the  back. 

VI. — Zones  of  Diverse  Displacement. 
Topographic  form :  Irregular  hills. 

IL  Mountains  composed  in  whole  or  in  part  op  Extra vasated  Material. 

Yll.— Table  Mountain  Structure. 

YllL—Uinkarei  Structure. 

IX.—TaShar  Structure, 

X. —  Volcanic  Structure. 

XI. — Henry  Mountain  Structure. 


Art.  XLVI. — Oyi  the  Ethers  of  Urv:  Acid.  Gmtributions  from 
the  Chemical  Laboratory  of  Harvard  College  ;  by  H.  B.  UlLL,* 
Assistant  Professor  of  Chemistry. 

Although  the  constitution  of  many  of  the  derivatives  of 
uric  acid  may  be  said  to  be  fairly  estiiblished,  the  structure  of 
uric  acid  itself  is  still  a  matter  of  conjecture.     The  formulae 

fiven  by  Baver,t  Kolbe^  Strecker,§  Erlenmever,||  Mulder.^ 
[iifner/*  Gibbs^ft  Medicus,^^:  Drechsel,§§  and  Mallet  ;||i  dif- 

*  In  great  part  from  the  yet  unpublished  Proceedings  of  the  Am.  Acad.,  p.  26. 
Ann.  Chem.  u.  Pharm.,  czxvii,  235. 

Joum.  fur  prakt  Ohem.  II,  i,  1 34.    Berichte  Deutsch.  Chem.  Gesellsch.,  ill,  183. 
Zeitschr.  fOr  Chem.,  1868,  363. 

Zeitschr.  far  Chem ,  1869,  176.     MQnchen.  Acad.  Ber.,  ii,  276. 
Bericht.  der  Deutsch.  Chem.  Gesellsch.,  vi,  1237. 
*♦  Journ.  far  prakt.  Chenu,  II,  iii,  23. 
Am.  Joum.,  II,  xlvi,  289. 
Ann.  Chem.  u.  Pharm.,  cLxxr,  243. 
Joum.  fOr  prakt.  Chem.,  II,  xi,  352. 
Am.  Joum.,  HI,  xi,  196  1876. 
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fering  as  they  do,  in  poiots  more  or  less  essential,  show  that 
the  experimental  data  are  as  yet  insufficient  to  establish  its 
structure.  In  this  connection  the  ethers  of  uric  acid  seem  to 
have  attracted  little  attention.  In  1864,  Drygin*  prepared 
the  diethyl  and  triethyl  ethers  by  the  action  of  ethyl  iodide 
upon  diplumbic  urate.  I  have  been  unable  to  obtain  the  orig- 
inal paper,  but  fi'om  the  summary  of  it  given  in  the  Jahres- 
berichtj  for  that  year,  and  in  Gmelin'sJ  Hand-book,  it  would 
appear  that  he  submitted  them  to  no  very  extended  examina- 
tion. I  have,  therefore,  undertaken  the  study  of  the  ethers  of 
uric  acid,  with  the  hope  that  a  careful  study  of  the  products 
of  their  decomposition  may  throw  additional  light  upon  the 
structure  of  uric  acid. 

A  few  preliminary  experiments  convinced  me  that  the  com- 
pounds in  the  methyl  series  could  be  much  more  conveniently 
made  than  those  of  the  ethyl  or  benzyl.  I  therefore  began 
with  the  methyl  ethers,  and  this  paper  gives  the  results  I  have 
obtained  in  the  study  of  the  first  of  these. 

MethyluHc  acid,  CbH3(CH3)N^03. 

Methyluric  acid  may  readily  be  prepared  by  the  action  of 
methvl  iodide  upon  monoplumbic  urate.     The  metathesis  takes 

^lace*^  slowly  at  110°-180°,  rapidly  between  160°  and  165°. 
'he  dry  lead  salt  mixed  with  methyl  iodide  in  molecular  pro- 
portions, enough  ether  being  added  to  keep  the  mixture  fluid, 
is  heated  in  sealed  tubes  for  eighteen  hours  at  165°.  After  the 
evaporation  of  the  ether,  the  product  of  the  reaction  is  boiled 
with  water,  and  the  solution  filtered  from  the  unaltered  plum- 
bic urate.  The  lead  is  then  precipitated  with  hydric  sulphide, 
and  the  plumbic  sulphide  filtered  off  boiling  hot.  The  filtrate 
deposits,  on  cooling,  methyluric  acid  in  small  crystals.  The^e 
are  dissolved  in  dilute  potassic  hydrate,  the  solution  boiled  for 
a  few  minutes,  reprecipitated  by  hydrochloric  acid,  and  recrys- 
tallized  from  boihng  water.  The  yield  is  about  sixty  per  cent 
of  the  amount  theoretically  required  by  the  lead  salt  which 
enters  into  the  reaction.  A  portion  of  the  uric  acid  is  com- 
pletely decomposed,  and  is  found  as  ammonium  salt  in  the 
mother  liquors  and  the  crude  product.  I  attempted  to  increase 
the  yield  by  employing  anhydrous  ether  in  the  place  of  com- 
mon ether.  Altliough  no  ammonium  compounds  were  then 
formed,  a  much  smaller  percentaffe  of  the  lead  salt  entered  into 
reaction.  Longer  heating  at  a  lower  temperature  did  not  in- 
crease the  yield,  inasmuch  as  a  larger  quantity  of  dimethyl 
ether  was  then  formed.  The  amount  of  dimethyl  ether  formed 
by  heating  to  165°  is  small ;  and  as  it  is  much  more  soluble  in 

*  Ru88.  Zeitschr.  Phaim,  iii,  3,  28,  49,  113,  121. 
t  Jahresbericht,  1864,  629. 
X  Gmelin,  SuppL,  ii,  1026. 
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water  than  the  monomethyl  ether,  it  may  readily  be  removed 
by  recryatallization. 

Methyluric  acid  crystallizes  iij  small  clear  flat  prisma,  appar- 
ently of  the  trimotric  system,  the  crystals  being  often  puinted 
at  either  end.  By  slow  cooling  of  a  dilute  solution,  these  crys- 
tals sometimes  reach  a  length  of  2-3  mm.,  but  they  are  usually 
much  smaller.  The  substance  undergoes  no  visible  change 
when  heated  to  about  SOO' ;  at  a  higher  temperature,  it  melts 
with  complete  decomposition,  and  without  perceptible  subli- 
mation. It  is  soluble  in  boiling  water,  almost  insoluble  iu 
cold  Wiitcr  or  in  boiling  alcohol;  insoluble  in  ether.  Cold 
concentrated  sulphuric  acid  dissolves  it  abundantly;  upon 
dilution  it  crystallizes  out,  apparently  UDchsaged. 

The  substance  dried  at  166*  has  tlie  formula  C,H,(OH,)N«0„ 
as  the  following  analyses  show : 

1.  0-4284grm.gave0-13l0grm.H,O,andO*6210grm.  CO,. 

2.  0-2748  grm.  gave  0'0985  grm.  H,0,and  0-3972  arm.  CO,. 

3.  0-1822  grm.  gave  500  u.c.  nitrogen,  at  20°'6,  and  754-3  mm.  press. 

Cslculated  for  Found. 

C.H.N^O,.  ]  2  8 

C         39-56  89-63  89-48 

H  8-.10  8-39  8-98 

N        30-77  30-98 

As  the  mean  of  several  determinations  of  solubility.  I  find 
that  there  are  required  for  the  solution  of  one  part  of  methyluric 
acid  25S-6  parts  of  boiling  water,  and  4596  parts  of  water  at 
20°. 

The  aqueous  solution  reddens  litmus  feebly,  and  decom- 
poses carbonates  readily  on  heating.  A  solution  in  potassic  or 
Bodic  hydrate  is  not  precipitated  by  carbonic  dioxide.  From  a 
concentrated  cold  solution,  stronger  acids  precipitate  it  gela- 
tinous, from  hot  or  dilute  solutions  crystalline. 

With  bases  methyluric  acid  forms  a  series  of  definite  salta, 
some  of  which  have  been  studied  by  Mr.  O.  R.  Jackson  in  this 
laboratory.  The  results  of  this  investigation  may  be  found  in 
the  Proceedings  of  the  American  Academy.*  He  has  analyzed 
the  following  salte: 

KjC.n(Cn,)N,0,      3  HjO 
KcJl,(CU,)N,0,  H,0 

Na,C,H(CH,>\0,  8  HgO 
NiiC5Ha(CH,)N,0.  HjO 
BaC.H(CH,)N,0,  3iH,0 
Ba(CjI(CIlJX,0,)3  4  H,0 
Ca(C,[I{0H3)N4O3),3  H,0 
These  salts  show  that  the  monometliyl  ether  of  uric  aciil  is 
*  Amer.  Ac«d.  Proc.,  xU,  36. 
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itself  a  bibasic  acid  like  uric  acid ;  a  fact  which  is  certainly 
remarkable  and  of  obvious  theoretical  importance. 

Action  of  Hydrochloric  Acid, 

In  1867,  Strecker*  showed  that  uiic  acid  heated  with  fum- 
ing hydrochloric  or  hydriodic  acid  to  170°  assimilates  five 
molecules  of  water,  giving  carbonic  dioxide,  ammonia,  and 
glycocoll, — 

CjH^N^03+6HjO=800a+3NH3+C2H^NOa. 

The  inferences  which  he  drewf  from  this  reaction  concerning 
the  structure  of  uric  acid  are  well  known.  Emmerlingij:  has 
recently  shown  that  cyanogen  gas  passed  into  boiling  hydroidic 
acid  is  convei^ted  into  glycocoll,  and  seeks  thus  to  give 
Strecker's  reaction  a  new  interpretation.  In  either  case,  how- 
ever, it  seemed  to  me  of  importance  to  determine  the  products 
of  the  decomposition  of  methyl  uric  acid  under  these  conditions. 

Two  tubes,  each  containing  1*8  grm.  inethyluric  acid,  and  an 
excess  of  hydrochloric  acid  saturated  at  0°,  were  heated  four 
or  five  hours  at  170°.  The  gas  which  escaped  on  opening  the 
tubes  was  found  to  contain  no  methyl  chloride.  The  excess 
of  acid  was  driven  off^  on  the  water  bath,  and  the  residue 
distilled  with  plumbic  hydrate  until  the  distillate  was  no  longer 
alkaline.  The  ammoniacal  distillate  was  caught  in  hydro- 
chloric acid,  and  evaporated  to  dryness  on  the  water  bath. 
The  residue  was  treated  with  a  small  quantity  of  absolute 
alcohol,  and  the  filtered  solution  again  evaporated  to  dryness. 
There  was  then  left  a  white  saline  residue,  which  gave  with 
great  readiness  Hofmann's  isocyanide  reaction,  showing  the 
presence  of  a  monamine.  The  chloride  was  converted  into  the 
platinum  salt,  and  this  was  analyzed  after  recrystallization 
from  hot  water. 

0*4760  gnn.  gave  on  ignition  0*1991  grm.  platinum. 

Calculated  for  Found. 

(CH3NH3),PtCle. 
Pt  41-61  41-82 

Methylamine  is,  therefore,  one  of  the  products  of  the  reaction. 

From  the  residue  left  on  distillation,  it  was  easy  to  isolate 
glycocoll  in  the  ordinary  way.  The  liquid  was  filtered  from 
the  basic  plumbic  chloride,  the  lead  removed  from  the  solution 
by  hydric  sulphide,  and  the  filtrate  evaporated.  On  stand 
ing,  glycocoll  crystallized  out  with  its  characteristic  properties. 
For  its  identification,  it  was  converted  into  the  copper  salt  by 
boiling  with  freshly  precipitated  cuprie  oxide,  and  precipitation 
of  the  blue  solution  by  alcohol.     Of  this  salt, — 

*  Ann.  Ghem.  u.  Pharm.,  cxlvi,  142 ;  Zeitschr.  fur  Chem..  1868,  215. 

k  Zeitschr.  fXa  Chem.,  1868,  363. 

X  Berichte  Deutsoh.  Chem.  Gesellach.,  yi,  1361. 
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0-4400  grm.  lost  at  1 80**  0*0388  grm. 

Oalculaled  for  Found. 

(CaH4N0a)aCu .  H^O 
H^O  7-85  7-68 

A  determination  of  copper  in  the  dry  salt  gave, — 
0*4068  grm.  left  on  ignition  0*1623  gnn.  CuO. 

Calculated  for  Found. 

(C2H4NO^)aCii 
CuO  87*56  87*48 

The  reaction  in  this  case  may  therefore  be  written, — 
C5H3(CH3)NA*f6iI,0=8CO,+2NH,+CH,NH,+C3*NO,. 

It  will  be  seen  that  this  reaction  proves  the  commonly 
accepted  view  that  uric  acid  is  not  an  hydroxyl  but  an  imide 
acid. 

In  order  further  to  establish  the  relative  position  of  the 
methyl  radical,  it  seemed  to  me  of  chief  importance  to  follow 
it  through  oxidation  in  alkaline  and  acid  solution,  and  thus 
determine  its  relation  to  allantoin  and  alloxan  or  paraban. 

MethylallarUoin.     C^H^(CH3)N403. 

Methyluric  acid  is  readily  oxidized  in  alkaline  solution, 
according  to  the  method  of  Claus  and  Emde.*  The  solution 
must  be  dilute  with  but  a  small  excess  of  alkali,  the  potassic 
permanganate  added  slowly  in  exact  molecular  proportion.  As 
soon  as  the  manganese  dioxide  has  separated,  it  must  be  fil- 
tered rapidly  with  the  aid  of  the  pump,  and  the  filtrate  slightly 
acidified  with  acetic  acid.  I  then  found  it  most  advantageous 
to  evaporate  as  quickly  as  possible  on  the  water  bath  to  small 
volunia  After  standing  twenty-four  hours  the  methylallantoin 
crystallizes  out  in  clusters  of  radiated  prisms.  These  separated 
from  the  mother  liquor  by  pressure,  and  recrystallized  several 
times  from  hot  water,  form  clear  distinct  monoclinic  prisms, 
closely  resembling  ordinary  allantoin.  They  are  readily  solu- 
ble in  hot  water,  sparingly  in  cold  ;  almost  insoluble  in  alcohol, 
hot  or  cold,  and  insoluble  in  ether.  These  crystals  melt  with 
decomposition  at  225°. 

In  spite  of  many  variations  of  the  method,  I  could  obtain  in 
this  way  but  fifteen  per  cent  of  the  theoretical  yield.  From 
the  mother  liquors  evaporated  to  a  syrup,  alcohol  separates  a 
potash  salt,  probably  of  methylallantoic  acid.  On  account  of 
its  uninviting  character  it  was  not  further  examined. 

Methylallantoin  dried  at  100°  gave,  on  analysis, — 

*  Berichte  Deutsch.  Chem.  Gesellsch.,  vii,  226. 
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0*2362  gnn.  gave  0-1092  grm.  H^O,  and  0*2978  grm.  CO,. 

Calculated  for  Foimd. 

C,H,(CH3)N,03. 

C  34*89  34*39 

H  4-66  6-13 

This  siibstaDce  is  apparently  isomeric  with  that  described  by 
Grimaux  under  the  name  PyruviL* 

Silver  nitrate  gives  in  a  hot  saturated  solution  on  the  cau- 
tious addition  of  ammonic  hydrate,  a  crystalline  precipitate 
consisting  of  needles  or  short  prisms.  This  salt  is  readily 
soluble  in  hot  water,  more  sparingly  in  cold.  By  spontaneous 
evaporation  of  the  cold  solution,  tolerably  perfect  crystals  of 
the  trimetric  system  were  obtained.  This  compound  may  be 
dried,  without  decomposition,  at  100°,  and  gave  then  on 
analysis, — 

0*1668  grm,  left  on  ignition  0*0646  grm.  silver. 

Oalculated  for  Found. 

AgO,H,(CH3)N,03. 
Ag  38-71  38*61 

Bayerf*  has  shown  that  allantoin,  when  heated  with  hydri- 
odic  acid,  breaks  up  into  urea  and  hydantoin  ;  and  it  was 
evident  that  methylallantoin  should  give  an  analogous  reaction. 
I  therefore  heated  methylallantoin  with  concentrated  hydriod ic 
acid,  following  the  directions  given  by  Bayer.ij:  When  the 
reaction  appeared  to  be  ended,  the  liberated  iodine  was  reduced 
with  sulphide  of  hydrogen,  and  the  hydriodic  acid  removed  by 
plumbic  carbonate.  The  filtrate  gave  on  evaporation,  after 
standing  for  some  time,  clear  crystals,  which,  freed  from  the 
syrupy  mother  liquor,  and  recrystallized  from  water,  formed 
transparent  prisms,  readily  soluble  in  water  or  alcohol,  and 
giving  no  precipitate  with  zincic  chloride.  Their  melting 
point  I  found  to  be  144°-145°.  The  quantity  at  my  disposal 
was  insufficient  for  analysis,  but  there  can  be  no  doubt  oi  the 
identity  of  this  substance  with  methyl  hydrantoin  described  by 
Neubauer§  as  resulting  from  the  action  of  baric  hydrate  upon 
creatinine,  inasmuch  as  he  gives  these  properties  and  the  melt- 
ing point  145°.     The  reaction  may,  therefore,  be  written, — 

CH3 

/ 
NH,  N  — CH, 

C^H,(CH3)N,03+H,=C0  +C0 

\  \ 

NH,  NH— CO 

*  Berichte  Deutsch.  Chem.  Gesellsch.,  vii,  1790. 

t  Ann.  Chem.  u.  Pharm.,  cxvii,  178.    \  Ibid.,  czxs,  158.    §  Ibid.,  czxzyii,  288. 
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Once,  as  the  action  of  the  hydriodic  acid  was  longer  con- 
tinued, I  obtained  a  substance  crystallizing  in  broad  rhombic 
plates,  readily  soluble  in  water,  sparingly  soluble  in  alcohol, 
which  gave  a  precipitate  with  an  alcoholic  solution  of  zincic 
chloride.  These  crystals  melted  at  105°,  and  sublimed  readily 
at  100°.  They  were  evidently  sarcosine  formed  from  the  de- 
composition of  methylhydantoin. 

OxidcUian  of  Methyluric  AcidvoUh  Nitric  Add. 

By  the  oxidation  of  methyluric  acid  with  nitric  acid,  a  solu- 
tion is  obtained  which  gives  a  deep  red  coloration  on  warming 
with  ammonic  hydrata  From  this  solution,  however,  I  have 
as  yet  been  unable  to  isolate  a  crystalline  product  By  spon- 
taneous evaporation  in  the  air,  a  sticky  syrup  is  obtained, 
which  does  not  solidify,  even  after  long  standing  in  vacxio  over 
sulphuric  acid.  Alcohol  dissolves  this  residue,  the  solution 
remains  clear  after  the  uddition  of  ether,  and  on  evaporation 
again  leaves  an  uncrystallizable  syrup.  I  have  been  equally 
unsuccessful  in  separating  by  stannous  chloride  or  sulphide  of 
hydrogen  a  crystalline  alloxantine  or  dialuric  acid.  Oxidation 
with  potassic  chlorate  and  hydrochloric  acid,  according  to  the 
method  of  Schlieper,*  gave  the  same  result.  These  reactions 
were  sufl&cient  to  give  a  qualitative  proof  that  the  solution 
did  not  contain  ordinary  alloxan.  I  therefore  attempted  to 
prepare  from  this  solution  a  methylalloxanate  in  form  fit  for 
analysis.  I  first  tried  with  baric  hydrate  U)  form  the  barium 
salt  The  ordinary  method,  following  closely  the  directions  of 
Schlieper,f  gave  me,  however,  a  salt  containing  but  a  trace  of 
nitrogen  and  with  percentages  of  barium,  carbon,  and  hydro- 
gen, closely  approximating  those  required  by  a  basic  baric 
mesoxalate,  BaC-jOj-BaOaHj.  At  the  same  time  a  strong 
smell  of  methylamine  was  perceived.  If  a  smaller  quantity  of 
baric  hydrate  were  added  in  the  cold,  and  then  alcohol  in  ex- 
cess, a  barium  salt  was  thrown  down  which  contained  nitrogen, 
but  it  could  not  in  this  way  be  obtained  of  constant  composi- 
tion. Plumbic  hydrate  seemed  to  determine  the  formation  of 
the  methylalloxanate,  but  no  better  results  were  obtained. 
The  silver  salt  blackened  too  rapidly  to  admit  of  analysis. 

The  lime  salt  is  the  only  one  I  have  been  able  to  prepare 
with  constant  composition.  Methyluric  acid  is  dissolved  in  as 
small  a  quantity  of  nitric  acid  of  142  sp.  gr.  as  possible,  the 
solution  somewhat  diluted,  and  the  excess  of  acid  neutralized 
with  calcic  carbonate  in  the  cold.  The  solution  is  then 
allowed  to  stand  in  vacuo  for  some  time,  to  free  it  from  car- 
bonic dioxide,  afterwards  diluted  with  six  or  eight  volumes  of 
alcohol  and  filtered.     The  cautious  addition  ot  ammonic  hy- 

*  Ann.  Chem.  a  Pharm,  Iv,  261.    f  Ibid.,  272. 
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date  to  the  filtrate  throws  down  a  bulky  semi-eelatinous  precip- 
itate, which,  well  washed  with  alcohol,  ana  dried  at  100°, 
forms  an  amorphous  powder,  which  has  a  faint  pink  color, — 
undoubtedly  caused  oy  a  trace  of  alloxan.  The  dry  salt  was 
soluble  in  cold  water,  though  with  some  difficulty. 
Analysis  gave  for  substance  dried  at  100° — 

1.  0-1778  grm.  gave  O'l  126  grm.  CaSO^. 

2.  0*2275  grm.  gave  01446  grm.  CaSO^. 

3.  0*3049  grm.  gave  36*8  c.c.  nitrogen  at  21°*5,  and  762*1  mm.  press. 

Calculated  for  Found. 

C4H(CH3)N^O^Ca    1  2  8 

Ca  18*87  18*61  18*69 

N  13*21  18-68 

The  analyses  1  and  2  were  made  with  different  preparations. 

Inasmuch  as  the  chief  point  was  to  prove  the  formation  of 
methylalloxan  by  this  oxidation,  I  distilled  the  calcium  salt, 
prepared  in  the  manner  described,  with  potassic  hydrate  in  a 
current  of  steam.  The  ammoniacal  distillate  readily  gave  the 
characteristic  isocyanide  reaction  by  heating  with  alcoholic 
potash  and  chloroform.  It  was  neutralized  with  hydrochloric 
acid,  evaporated,  and  from  the  residue  the  methylamine  chlo- 
ride separated  by  absolute  alcohol.  An  analysis  of  the  plati- 
num salt  gave — 

0*2160  grm.  left  on  ignition  0*0902  grm.  platinum. 

Calculated  for  Found. 

(CH3NH,),PtCle 
Pt  41*61  41-76 

Thus  proving  that  the  calcium  salt  contained  the  group  =-: 
N-CH3. 

In  further  confirmation,  I  was  able  to  isolate  common  urea 
as  the  secondary  product  of  the  methylalloxan  formation. 
After  oxidizing  with  hydrochloric  acid  and  potassic  chlorate, 
the  excess  of  acid  was  driven  off  by  evaporation  at  gentle  heat, 
the  potassic  chloride  separated  with  absolute  alcohol,  and  the 
alcoholic  solution  evaporated  to  a  syrup.  The  cautious  addi- 
tion of  strong  nitric  acid  caused  the  separation  of  abundant 
crystals  of  urea  nitrate  in  characteristic  form.  The  base,  set 
free  as  usual  with  baric  carbonate,  after  recrystallization  from 
water,  melted  at  129^-180°. 

The  reaction  may,  therefore,  be  written — 

CH. 

/ 
NH,  N  — CO 

C.H3(CH3)N^03+H^O,=CO  +C0  CO 

N  V.  I 

NH,  NH— CO 
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Methf/lparaban,  C,H(CH,)N20j. 

Although  methylalloxan  is  so  unstable  in  the  presence  of 
bases,  in  acid  solution  it  possesses  remarkable  stiibility.  It 
may  be  boiled  for  some  time  with  strong  nitric  acid,  or  with 
hydrochloric  acid  and  potassic  chlorate  before  the  red  colora- 
tion with  ammonia  disappears.  On  prolonged  boiling  (about 
an  hour)  with  strong  nitric  acid,  the  oxidation  is  complete,  and 
the  solution  contains  methylparaban.  For  its  preparation  I 
have  found  it  most  advantageous  to  boil  methyluric  acid  with 
five  or  six  parts  of  nitric  acid  of  sp.  gr.  1*8,  until  a  drop  taken 
out  gives  no  coloration  with  ammonia.  The  excess  of  acid  is 
then  driven  off  on  the  water  bath,  the  syrupy  residue  diluted 
with  a  little  water,  and  well  shaken  out  with  ether.  On  distill- 
ing off  the  ether,  a  syrup  remains  which  soon  crystallizes  in 
shining  radiated  prisms,  which  are  I'ecrystallized  from  hot 
water.  They  are  somewhat  difficultly  soluble  in  cold  water, 
readily  in  hot ;  soluble  in  alcohol  and  ether.  The  substance 
melts  at  149°'5,  sublimes  very  slowly  at  100°,  and  at  higher 
temperature  with  great  readiness.  For  analysis,  the  air-dried 
substance  was  heated  three  hours  at  100° ;  during  that  time 
0-2260  grm.  lost  0*0080  grm. 

1.  0-1714  grm.  gave  0-2333  grm.  CO,.* 

2.  0-2160  grm.  gave  0-0786  grm.  H^O,  and  0*2629  gnn.  CO,. 

Calculated  for  Found. 

C^NaH^Oj  1  2 

O  37-60  37-12  37-48 

H  3-13  404 

The  substance  gives  no  precipitate  with  calcic  chloride,  even 
after  the  addition  of  ammonic  hydrate.  On  warming  the 
ammoniacal  solution,  a  precipitate  falls  not  wholly  soluble  in 
acetic  acid.  Argentic  nitrate  precipitates  it  only  in  concen- 
trated solution.  The  silver  salt  prepared  from  concentrated 
solution,  with  the  cautious  addition  of  ammonic  hydrate,  crys- 
tallizes in  prismatic  needles;  quite  readily  soluble  in  hot 
water,  sparingly  in  cold.  Under  the  microscope  it  crystallizes 
from  hot  aqueous  solution  in  rhombic  plates.  It  may  be  dried 
at  100°  without  decomposition.     It  gives  on  analysis, — 

0-1210  grm.  left  on  ignition  0'0656  grm.  silver. 

Calculated  for  Found. 

AgC^N^HgO,. 
Ag  45-95  45-95 

There  can  be  no  doubt  that  this  substance  is  identical  with 
that  obtained  by  Dessaignesf  from  creatinine,  which  was  tirst 
recognized  by  Streckerij:  as  methylparaban.     Dessaignes  gives 

*  The  hydrogen  in  this  analysis  was  lost. 

f  Ann,  Ohexa.  \i.  V\iaim.^  xck'^^\^  ^AZ,  X  Ibid.,  cxriii,  164. 
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no  melting  poiat,  but  the  description  given  corresponds  per- 
fectly with  the  substance  I  have  obtained  ;  the  only  difference 
being  that  I  find  the  substance  quite  readily  soluble  in  ether, 
whereas  he  gives  it  as  somewhat  soluble  only. 

Although  I  must  postpone  all  discussion  of  the  structure  of 
uric  acid  until  the  investigation  upon  which  I  am  at  present 
engaged  is  farther  advanced,  I  may  perhaps  be  pardoned  if  I 
consider  briefly  the  structure  of  urea  which  must  of  necessity 
form  the  foundation  of  any  formula  of  uric  acid.  It  certainly 
would  not  have  occurred  to  me  that  anv  such  consideration  of 
its  structure  were  necessary  had  not  Professor  Mallet  in  his 
recent  paper  on  uric  acid  and  its  derivatives  in  this  Journal,* 

NH, 
adopted  the  formula  C  NH  ,  which  was  proposed  several  years 

OH 
ago  at  about  the  same  time  by  Wanklyn  and  Gamgeef  and 
Gibba:}:  Professor  Mallet  hardly  discusses  in  his  paper  the 
facts  bearing  upon  its  structure,  but  contents  himself  with 
pointing  out  the  simplicity  which  he  believes  this  formula  will 
give  to  its  complex  derivatives, — a  style  of  argument  service- 
able enough,  where  there  is  little  or  no  choice  upon  other 
grounds,  but  certainly  not  to  be  trusted,  if  opposed  by  direct 
synthetic  reactions. 

The  facts  remain,  as  far  as  I  know,  essentially  as  they  were 
when  the  whole  matter  was  reviewed  by  Ueintz.§  Basarow| 
proved  in-  Kolbe's  laboratory  the  formation  of  urea  from  am- 
raonic  carbonate  and  carbamate.  Natanson^^  showed  that  it 
was  formed  by  the  action  of  ammonia  upon  carbonyl  chloride 
and  ethyl  carbonate,  and  his  results  were  after wara  confirmed 
by  Neubauer  and  Kerner.**  By  these  syntheses  urea  is  shown 
to  be  directly  conne^cted  with  carbonic  acid  as  its  amide  by  the 
three  principal  general  reactions  for  the  .formation  of  amides, 

NH 
and  no  formula  but  CO|^tt^  can  explain  these  reactions  with- 
out the  gratuitous  resort  to  molecular  rearrangement.     Very 
recently  the   reaction  with   carbonyl  chloride   has  been   em- 
ployed by  Michlerft  in  the  formation  of  fourfold  substituted 

ureas  :    Cog!+gg[g;{J;);=CoN(J>^H.)^+2Haieaving  no 

possible  doubt  of  the  symmetri(ial  distribution  of  the  hydrogen 
atoms  in  urea. 

Against  these  syntheses  but  two  facts  have  been   urged: 

♦  This  Journal,  March,  1876,  p.  185.        +  Journ.  Ohem.  Soc.,  it,  vi,  26. 

1  This  Journal,  Nov.,  1868,  p.  289.  §  Ann.  Chem.  Phann.,  d,  67. 

[  Zeitschr.  fur  Chem.,  1868,  204.  f  Ann.  Chem.  Pharm.,  xcviii,  287. 

^*  Ann.  Chem.  Phann.,  d,  342.      ff  Berichte  Deutsch  Chem.  Geesell.,  yii,  1664. 

Am.  Jour.  Sci.— Third  Seribs,  Vol.  XII,  No.  72.— Dec,  1876. 
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first,  the  monobasic  character  of  urea,  and  secondly  Wanklyn 
and  Gamgee's  oxidation  with  alkaline  permanganate. 

As  for  the  basicity  of  urea,  Heintz*  has  already  shown  that 
basicity  does  not  always  correspond  to  the  number  of  amide 
nitrogen  atoms,  and  that  amidogen,  like  hydroxyl,  is  largely 
dependent  for  its  character  upon  the  nature  of  the  radical  to 
which  it  is  attached.  As  especially  pertinent  he  instances  ox- 
amide,  which  is  neutral  although  unaoubtedly  a  diamide.  An 
entirely  different  case  in  its  nature,  although  perhaps  still  more 

to  the  point  is  guanidine  C  NH  ,  which  is  monobasic  only.    Ac- 

NH, 
cording  to  every  analogy,  therefore,  the  observed  basicity  of 
urea  is  but  the  normal  behavior  of  carbamida 

The  experiments  of  Wanklyn  and  Gamgeef  were  five  in 
number.  Two  were  made  upon  urea,  two  upon  ammonium 
salts,  and  one  upon  acetamida  They  found  with  an  excess  of 
permanganate  that  urea  gave  up  all  its  nitrogen  as  gas,  while 
the  nitrogen  of  the  ammonia  and  of  acetamide  was  oxidized  to 
nitric  or  nitrous  acid.  It  may  well  be  questioned,  I  think, 
whether  these  results  are  sufficient  to  form  the  basis  of  any 
generalization  as  to  the  behavior  of  **  admitted  amides,'*  still 
granting  that  urea  is  thus  distinguished  from  all  other  amides 

NH, 
the  proof  is  yet  to  be  brought  that  the  formula  C  NH  possesses 

OH 
any  advantages  in  explaining  this  observed  decomposition.  What 
experimental  facts,  what  analogies,  what  plausible  theory  even 
can  be  given  to  justify  the  assumption  that  the  "nitrogen  atoms 

NH  N^« 

in  COt^ttt*   and  C  NH  ,   under  the   conditions  employed   by 

^^»  OH 

Wanklyn  and  Gamgee,  would  differ  so  fundamentally  in  their 
behavior?  Anomalous. as  the  decomposition  of  urea  may  be, 
it  certainly  is  not  to  be  explained  by  so  simple  a  device  as  the 
substitution  of  one  imide  nitrogen  for  an  amide.  If  this  anom- 
alous behavior  should  be  estaolished  by  further  investigation 
of  other  diamido  compounds,  it  would  not  be  the  first  case  in 
which  the  mono-carbon  compounds  differed  essentially  from 
their  higher  homologues. 

I  have  thus  briefly  given  my  reasons  for  dissenting  from 
Professor  Mallet's  assertion  that  the  structure  of  urea  is  by  no 
means  settled.  I  can  not  but  think  it  established  by  evidence 
as  unequivocal  as  our  present  methods  of  research  are  capable 
of  giving. 

*  Loc  dt,  p.  74.        f  Joum.  Ohem.  Soc.,  1868,  p.  25. 
Harvard  CoUege  Laboratory,  Sept.,  1876. 
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Art.  XLVn. — Notice  of  a  Meteor ite,  from  Madison  Co.^  N,  C. ; 
by  B.  S.  Burton,  University  of  East  Tennessee. 

This  meteorite  was  placed  in  my  hands  for  examination  by 
Professor  F.  H.  Bradley,  who  also  furnishes  the  following  facts 
in  regard  to  its  history : 

**  The  mass  was  found  in  August,  1878,  on  land  of  Robert 
Famesworth,  near  Duel  Hill,  Madison  Co.,  North  Carolina.  It 
was  lying  on  a  hillside  where  it  had  been  used,  probably,  by 
the  first  settlers  of  the  land  in  supporting  a  comer  of  a  rail 
fence,  now  rotted  away.  It  is  said  to  have  weighed,  when 
first  found,  about  twenty-five  pounds.  Two  or  three  pounds 
of  'specimens'  had  been  hammered  off  before  I  secured  it, 
most  of  which  could  not  be  recovered.  Mr.  Famesworth 
reported  that  a  similar  mass  weighing  about  forty  pounds  had 
been  found  about  a  mile  farther  west,  before  the  war,  perhaps 
about  1857,  which  had  since  disappeared,  probably  has  become 
buried  in  rubbish.     Efforts  to  find  it  again  were  unsuccessful." 

This  meteorite  consists  of  metallic  iron,  of  a  rounded  irregular 
shape,  with  the  usual  coating  of  magnetic  oxide,  and  measuring 
9  X6ix8i  inches,  and  weighed  twenty-one  pounds.  Over  the 
surface  at  various  points  was  a  small  bead-like  deliquescence 
of  iron  chloride.  A  portion  was  cut  off  at  a  machme  shop, 
though  only  after  considerable  trouble,  and  described  by  the 
machinist  as  **  the  toughest  piece  of  iron"  he  had  ever  handled. 
After  polishing,  and  by  the  action  of  acid,  the  usual  markings 
appeared,  though  rather  indistinct ;  and,  at  the  same  time, 
were  developed  distinct  particles  of  Schreibersite  irregularly 
disseminated  over  the  surface,  which  by  continued  action  of 
the  acid  stood  out  more  prominently. 

Specific  gravity  =  746.  Iron  not  passive.  Dissolves  in 
hydrochloric  acid,  without  liberating  sulphuretted  hydrogen, 
leaving  a  very  slight,  black,  carbonacfeous  residue,  which  con- 
tained SiO„  Fe,  Or,  Ni,  P. 

The  following  result  was  obtained  on  about  one  gram  of  the 
iron: 

Iron 94*24 

Nickel 6-17 

Cobalt 0-37 

Phosphorus 0*14 

Copper trace 

Residue 0'15 

100-07 
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Art.  XLVIII. — On  a  Recent  Discovery  of  Carboni/erofis  Baira- 
chians  in, Nova  Scoiia;  by  J.  W.  Dawson,  LL.D.,  F.RS. 

1.   General  Remarks, 

The  erect  Sigillarise  enclosed  in  the  sandstone  overlying 
coal -group  15  of  Section  XV,  Division  4  of  the  South  Joggins 
section,  are  perhaps  the  most  remarkable  repositories  ever  dis- 
covered of  the  remains  of  Paleozoic  land  animals.  As  I  have 
shown  in  discussing  their  character  in  my  memoirs  on  the 
South  Joggins  Coal  Formation,*  and  my  "  Acadian  Geology," 
some  of  these  trees  became  embedded  in  sandy  deposits,  and 
being  rendered  hollow  by  decay  of  their  inner  bark  and  the 
crumbling  of  their  woody  axes,  remained  for  a  long  time  as 
open  holes  or  pits,  gradually  filling  with  vegetable  debris  and 
the  wash  of  rains  and  land  floods.  They  thus  became  places  of 
habitation  for  land  snails  and  millepedes,  and  pit-falls  into 
which  the  smaller  batrachians,  prowling  for  prey  among  the 
undergrowth  of  the  coal  forest,  fell  ana  were  unable  to  extri- 
cate themselves.  In  this  way  the  successive  layers  of  deposit 
became  stored  with  skeletons  of  batrachians  which  they  nave 
retained  in  an  admirable  state  of  preservation. 

Only  one  sandstone  at  the  Joggins  is  known  to  contain  these 
reptiliferous  trees,  though  erect  Sigillariae  are  known  at  more 
than  sixty  diflferent  levels,  and  many  of  these  erect  stumps 
have  been  broken  up  in  the  hope  of  making  such  discoveries. 
In  the  past  summer,  however,  shells  of  Pupa  vetusta  were  found 
bv  Mr.  Albert  J.  Hill  and  the  writer  in  an  erect  tree  in  Section 
XXVI  of  Division  4,  about  800  feet  higher  in  the  series;  and 
of  course  where  these  shells  occur  remains  of  other  land 
animals  may  also  be  discovered. 

Since  the  discovery  by  Sir  Charles  Lyell  and  the  writer  of 
the  remains  of  Dendrerpejlon  Acadianum  in  one  of  the  erect  trees 
of  group  15,  I  have  several  times  visited  the  locality,  and  have 
endeavored  to  take  advantage  of  the  exposure  of  new  trunks 
by  the  encroachments  of  the  sea.  In  the  summer  of  1859  I 
took  down  a  second  stump  which  afforded  nine  skeletons  of 
four  species,  as  well  as  remains  of  Millepedes  and  shells  of 
Pupa.  In  1860,  1  dissected  two  other  stumps,  which  yielded 
six  additional  skeletons  including  two  new  species.  In  the 
whole  six  batrachian  species  were  more  or  less  perfectly  repre- 
sented, and  were  described  by  Prof.  Owen  or  myself.  Mr. 
Scudder  subseauently  made  a  careful  study  of  the  remains  of 
Millepedes,  ana  referred  them  to  five  species  belonging  to  two 
genera.f     In  the  present  year  another  tree  very  richly  stored 

♦  JournaL  of  G^logical  Society  of  London,  vols,  iz,  x,  xi,  xvi,  xviii,  xix. 
f  Air-breathers  of  the  Goal  Period,  1863.    Acadian  Geology,  1868,  pp.  362  and 
495.    Scudder  in  Memoirs  of  Boston  Soc.  of  Nat  Histcwy,  1873. 
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with  remains  was  obtained,  and  its  contents  will  foFm  the  sub- 
ject of  the  present  communication.  Two  others  were  extracted 
for  me  by  the  kindness  of  Mr.  Hill,  superintendent  of  the 
Cumberland  Mine,  but  proved  to  be  filled  merely  with  sand*, 
stone  without  animal  remains.  This  is  an  illustration  of  the 
fact  that,  even  in  this  bed,  only  certain  trees  remained  open 
long  enough  to  become  burial  places  of  land  animals. 

All  the  remains  found  in  these  singular  repositories  are  those 
of  air-breathing  animals,  except  certain  worm-like  bodies  of 
uncertain  nature,  which  Mr.  Scudder  suggests  may  be  remains 
of  Leeches.  Further,  as  the  reptiles  which  fell  into  these  pits 
could  liave  been  only  such  as  were  capable  of  walking  on  land, 
the  erect  trees  contain  none  of  the  ichthyic  and  elongated  forms 
which  have  been  described  from  Ireland,  from  Germany  and 
from  Ohio*  Such  forms  no  doubt  existed  in  Nova  Scotia, 
but  could  not  be  laid  up  in  coffins  formed  of  Sigillaria  trunks. 
The  species  preserved  in  these  are  therefore  all  oi  more  or  less 
lizard-like  form,  and  have  well  developed  limbs.  Some  of 
them,  as  we  shall  find,  are  also  remarkable  for  ornate  cuticular 
appendages,  more  akin  to  those  of  modem  lizards  than  to  those 
of  batrachians.  Again,  though  we  know  from  the  footprints 
of  Sauropus  unguifer^\  found  in  Cumberland  County  at  no  great 
distance  from  the  Joggins,  and  from  those  otSauropus  tSyAiensi^ 
found  in  Cape  Breton,  as  well  as  from  the  osseous  remains  of 
the  alligator-like  Baphetes^  that  there  were  large  terrestrial 
Labyrinthodouts  in  the  coal  swamps  of  Nova  Scotia,  these 
were  of  course  too  bulky  to  fall  into  the  erect  Sigillarise ;  con- 
sequently the  remains  found  are  those  of  the  smaller  species 
only. 

The  state  of  preservation  of  the  specimens  is  also  peculiar. 
All  the  bones  of  each  specimen  are  sure  to  be  present;  but 
inasmuch  as  most  of  the  carcases  had  time  to  decay  completely 
before  they  were  finally  covered  up,  the  bones  are  often  much 
scattered,  and  have  apparently  fallen  into  the  interstices  of  the 
vegetable  fragments  on  which  they  lay,  so  that  the  skeletons 
are  usually  oisarticulated,  and  the  bones,  though  individually 
perfect,  are  so  entangled  in  the  matrix  that  it  is  impossible  to 
uncover  the  whole  of  them.  In  other,  though  rare  cases,  the 
body  seems  to  have  been  covered  at  once,  and  its  soft  parts, 
and  especially  the  skin,  being  either  preserved  by  the  tanning 
action  of  the  vegetable  matter,  or  converted  into  adipocere, 
remain  in  a  coaly  state,  and  completely  cover  the  bones,  so  that 
these  cannot  be  extracted  except  in  fragments  and  by  the 
destruction  of  the  cuticle  which  invests  them.  Thus,  while 
these  remains  afford  the  greatest  facilities  for  the  detailed  and 

^  By  Huzlej,  Von  Mejer  and  Oope.  f  Geological  Magazine,  voL  iz. 

I  Acadian  Geology,  p.  358. 
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even  microBcopic  examination  of  the  parts,  they  do  not  often 
furnish  skeletons  with  their  members  in  situ^  as  in  many  of 
those  described  by  Von  Meyer,  Huxley  and  Cope. 

The  tree  of  1876  was  found  l3y  me  in  *'  the  reef*  or  extension 
of  the  sandstone  seaward,  and  near  the  low-water  mark.  The 
upper  part  of  the  stump,  probably  filled  with  sandstone,  had 
been  removed  by  the  waves,  but  about  two  feet  of  the  lower 
part  remained,  it  was  extracted  with  as  much  care  as  possible 
oy  two  miners  with  picks  and  crowbar,  and  the  disk-lite  frag- 
ments, into  which  it  naturally  split,  were  carried  up  to  the  foot 
of  the  cliff  and  subsequently  numbered  and  dissected  at  leisure. 
In  the  hurry  of  working  against  time  to  escape  the  tide,  the 
men  it  seems  left  in  the  hole  a  portion  of  the  lowest  layer,  and 
a  fragment  of  an  upper  one.  The  former  was  afterwards  re- 
moved by  Mr.  J.  C.  Russel  of  Columbia  Collie,  New  York, 
and  the  latter  was  found  by  Mr.  Hill.  Both  have  been  kindly 
placed  in  my  hands  by  these  gentlemen,  so  that  the  whole  of 
the  material  has  been  collected  and  carefully  labelled,  in 
such  a  manner  as  to  keep  together  the  parts  belonging  to  each 
skeleton. 

This  tree  was  about  eighteen  inches  in  diameter,  and  in  the 
lower  part  was  partially  flattened  by  lateral  pressure,  so  that  its 
diameter  in  one  direction  was  only  a  little  over  a  foot.  The  mate- 
rial filling  the  somewhat  thick  coaly  bark  may  be  described  as 
a  more  or  less  arenaceous  silt  or  soil,  blackened  with  vegetable 
matter,  and  replete  with  fragments  of  carbonized  bark,  mineral 
charcoal  and  fine  vegetable  debris.  There  are  also  numerous 
leaves  of  Cordaites^  aud  abundance  of  the  fruits  which  from 
their  frequent  occurrence  in  such  hollow  trees,  I  have  else- 
where named  Trigonocarpum  sigillaricB,  In  some  places  the 
sediment  was  finely  laminated,  the  laminae  being  often  much 
contorted.  In  other  places  the  earthy  matter  existed  in  patches 
or  interrupted  layers,  nearly  free  from  vegetable  matter,  and 
especially  abundant  toward  the  sides  of  the  trunk.  The  cement- 
ing substance  is  in  general  carbonate  of  lime,  many  portions 
of  the  mass  effervescing  freely  with  an  acid,  but  in  some  spots 
there  are  hard  concretions  oif  pyrite.  The  material  has  e\d- 
dently  been  introduced  gradually,  in  small  quantities  at  a  time, 
and  the  earthy  matter  seems  to  have  run  down  the  sides, 
spreading  more  or  less  toward  the  center ;  but  in  general  ac- 
cumulating around  the  circumference.  The  number  of  skele- 
tons recovered  in  a  more  or  less  complete  state  was  no  less  than 
thirteen  in  all,  belonging  probably  to  six  species,  besides  other 
bones  contained  in  Coprohtes,  and  several  Millepedes,  and  shells 
of  Pupa  vetusta,  the  latter  almost  entirely  in  the  lowest  layers. 

The  first  animal  introduced  was  a  specimen  of  Hylerpeion 
Dawsoni  Owen,  whose  bones  and  scutes,  after  decay   of  the 
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coDDecting  parts,  had  slid  dowD  the  slope  of  silt  from  one  side 
toward  the  center  of  the  space.  Next,  after  a  few  inches  of 
filling,  came  a  specimen  of  Dendrerpeton  Acadianum  Owen, 
whose  bones  lie  along  the  center  of  the  layer  and  nearly  in  one 
plane.  Above  this  a  large  fiake  of  bark  had  fallen  in,  forming 
an  imperfect  floor  over  the  remains.  Then,  after  an  inch  or 
two  of  carbonaceous  matter  had  been  deposited,  came  a  some- 
what flat  surface  which  seems  to  have  remained  uncovered  for 
some  time,  and  on  this  lie  the  disjecta  membra  of  three  skele- 
tons belonging  to  Dendrerpeton  Acadianum^  D.  Oweni,  and  a 
new  species  of  HyleiyeUm,  Above  this  was  a  confused  mass  of 
considerable  thicKuess,  in  which  were  found  another  specimen 
of  the  new  Ht/lerpeton,  and  remains  representing  a  third  animal 
of  the  same  or  an  allied  genus,  also  four  specimens  of  Hylonomus 
Lyeliij  and  portions  apparently  of  an  immature  Dendrerpeton, 
Still  higher  in  position,  was  a  layer  with  large  portions  of  the 
cuticle  of  a  Dendrerpeton^  probably  D.  Acadianum ;  and  above 
this,  at  the  surface  of  the  stump,  were  some  remains  and  im- 
pressions of  bones  probably  indicating  another  specimen  of 
Dendrerpeton,  Taking  these  specimens  in  the  order  above 
given,  we  may  notice  the  new  facts  which  they  have  disclosed 
on  a  preliminary  examination. 

2.  Remains  of  Hylerpeton. 

The  sole  species  of  this  genus  heretofore  known,  H.  Dawsoniy 
was  discovered  by  me  in  1860,  and  was  described  by  Professor 
Owen  from  remains  so  scanty  that  he  expressed  considerable 
doubt  as  to  its  affinities.  I  afterward  worked  out,  from  a  few 
fragments  of  the  matrix,  the  evidence  that  its  teeth  were  simple, 
without  plicated  dentine,  that  it  had  a  large  canine  or  tusk  in 
the  anterior  part  of  the  upper  jaw,  and  that  it  possessed  a  walk- 
ing foot  The  present  specimen  throws  much  additional  light 
on  its  structure.  It  had  at  least  twelve  teeth  in  each  ramus  of 
the  mandible,  and  they  are  large  in  proportion  to  the  size  of 
the  animal,  bluntly  conical  and  somewhat  acuminate,  and 
faintly  striate  at  the  apex.  The  vomerine  bones  are  beset  with 
numerous  small  blunt  teeth.  The  skull  is  long,  and  its  bones 
thin  and  marked  merely  with  delicate  incised  lines  rather  than 
wrinkles.  The  forms  of  the  stout  ribs  and  scattered  vertebrae 
would  indicate  that  the  body  was  broad  and  squat  The  skull 
must  have  been  about  two  inches  in  length,  the  body  probably 
four  or  five,  and  there  are  some  small  vertebrae  which  may 
indicate  a  short  tail  The  limbs  were  large  and  strong,  the 
femur  being  an  inch  and  a  quarter  long,  and  its  shafl  a  fifth  of 
an  inch  in  diameter  and  with  thick  bony  walls.  The  vertebrae 
are  short  and  biconcave,  and  with  large  dorsal  spines,  the 
belly  was  protected  by  numerous  imbricated  bony  scales  of  two 
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kinds,  one  oblong  and  narrow,  the  other  broad  and  obliquely 
shield-shaped.  There  are  indications  of  thoracic  plates  of 
larger  size  than  the  scales.  On  the  whole  this  species  was 
probabljr  a  somewhat  clumsy  creature,  of  toad-like  form  and 
slow  gait,  and  with  a  dentary  apparatus  suited  to  pierce  and 
crush  crusts  and  shells.  It  is  perhaps  significant  of  its  habits, 
in  these  respects,  that  the  layers  of  tiiis  tree  in  which  its  bones 
occur  are  alone  those  in  which  shells  of  Ptipa  vettista  are  found. 

The  second  species  of  Hykrpeion^  which  I  may  provisionally 
name  H,  longiaeiitatus^  was  oi  somewhat  smaller  size,  with  the 
bones  of  the  skull  thinner  and  more  slender,  and  the  teeth  very 
long  and  sharply  pointed,  with  the  apex  finely  striate  but  witli 
no  corrugation  ot  the  dentina  The  vomer  is  covered  with 
minute  teeth,  and  there  are  long  and  slender  canines.  The  best 
preserved  mandible  shows  eighteen  teeth  which  are  strongly 
inclined  backward.  The  scales  are  very  narrow  and  there  is  a 
large  thoracic  plate.  The  general  form  of  body  may  have  been 
as  in  the  last  species,  but  the  skull  was  probably  narrower  and 
the  feet  longer. 

Another  species  of  this  genus,  or  belonging  to  a  genus  inter- 
mediate between  it  and  Hylonomus^  is  represented  by  a  confused 
mass  of  bones  showing  long  and  narrow  jaws,  armeo  with  short 
and  blunt  teeth,  of  which,  at  least  thirty  occur  on  each  side  of 
the  lower  jaws.  The  sculpture  of  the  bones  is  as  in  the  previ- 
ous species,  but  the  pulp-cavities  of  the  teeth  are  smaller  and 
their  walls  stronger,  and  they  show  no  sculpture  on  the  apex; 
in  which  respects  they  resemble  those  of  Hybmonius.  The 
vertebrae  also  are  more  elongated  and  the  femur  is  a  large  bone 
indicating  a  powerful  hind  limb.  The  abdominal  scutes  are 
very  long  and  narrow,  resembling  slender  semi-cylindrical  rods, 
a  point  in  which  this  species  differs  from  all  the  others  found 
with  it,  although  it  resembles  some  of  those  found  in  Ireland 
and  Ohio.  This  species  I  would  name  provisionally,  in  allusion 
to  the  form  of  its  teeth,  Hylerpeton  curlidentatum. 

In  all  these  species  of  Hylerpeton^  the  teeth  are  simple,  and 
are  anchylosed  to  the  bone  and  placed  in  linear  series  in  a 
shallow  groove. 

3.  Remains  of  Dendrerpeton. 

The  remains  of  this  genus  will  afford  additional  facts  as  to 
the  differences  in  individuals  of  various  ages,  and  as  to  the 
details  of  the  skeleton  in  the  species  D.  Oweni,  previously 
known  by  only  one  imperfect  example.  The  specimen  now 
found  would  seem  to  show  that  it  resembled  very  much  the 
larger  species,  except  in  the  form  of  the  teeth  and  scales.  But 
the  most  interesting  facts  presented  by  a  cursory  examination 
oi  the  specimens  relate  to  tne  skin  and  its  appendages.     It  is 
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now  evident  that  in  addition  to  the  abdominal  and  gular  scales, 
Dendrerpeton  possessed  thoracic  plates  of  considerable  size, 
resembling  those  of  other  Labyrinthodonts.  The  large  mass  of 
skin  found  in  the  tree  of  1876,  taken  in  connection  with  the 
smaller  portions  found  on  previous  occasions,  and  described  in 
detail  in  my  "  Air-breathers  of  the  Coal-period,"  enables  us  to 
form  a  very  gcxni  general  idea  of  the  appearance  and  clothing  of 
the  animals  of  this  genus.  To  the  naked  eye  the  skin  presents 
a  shining  and  strongly  rugose  surface,  reminding  one  of  that  of 
modern  newts  when  contracted  by  immersion  in  alcohol,  though 
on  a  courser  scale.  Under  the  lens,  the  surface  appears 
granular  and  with  a  higher  power  the  granulation  is  seen  to 
result  from  minute  scales  imbedded  in  the  cuticle,  and  much 
smaller  than  those,  in  previous  finds,  which  I  have  referred  to 
D.  Oweni  and  to  Hylonomus.  On  some  portions  of  it  there  are 
delicate  transverse  lines  about  a  quarter  of  an  inch  apart,  and 
apparently  corresponding  to  those  which  on  the  newts  and 
Menobranchus  mark  the  bands  of  subcutaneous  muscles.  The 
bony  scales  of  the  abdomen  have  disappeared,  except  a  few 
scattered  in  the  matrix.  But  the  most  remarkable  dermal 
appendages,  are  those  triangular  lappets  or  frills  of  which  I 
have  in  previous  papers  described  detached  examples,  and 
have  compared  them  with  the  gular  and  cervical  lappets  and 
frills  of  iguanas,  geckos  and  Draco ;  and  which  also  suggest 
analogies  with  the  processes  that  support  the  gills  in  perenni- 
branchiate  batrachians,  and  with  the  lateral  folds  of  the  skin  in 
Menopoma.  These  appendages  are  flat  and  of  appreciable 
thickness,  about  half  an  inch  in  length,  and  an  eighth  of 
an  inch  in  breadth,  terminating  in  an  edge  or  obtuse  flat  point, 
which  seems  to  have  been  horny,  while  the  appendage  itself 
must  have  been  flexible.  They  are  marked  with  small  scaly 
oval  areoles  or  projections,  placed  somewhat  in  rows,  and  each 
with  a  minute  puncture  in  its  center.  The  markings  on  both 
sides  are  similar.  These  appendages  are  arranged  in  series 
along  what  appears  to  be  the  skin  of  a  fore  leg,  and  also  in 
groups  apparently  on  the  anterior  part  of  the  body,  perhaps  the 
neck  or  shoulder.  They  appear  to  be  closely  connecte<i  with  a 
series  of  much  smaller  angular  points  which  extend  along  the 
edge  of  the  skin  near  the  supposed  leg,  and  probably  fringe  the 
sides  of  the  abdomen.  The  evidence  that  this  integument 
belongs  to  JJendrerpeton  Acadiaimm  is  derived  from  the  pres- 
ence in  its  anterior  part  of  skull-bones  having  the  markings  of 
that  of  this  species,  and  from  the  occurrence  of  a  jaw  and  other 
bones  in  the  neighboring  matrix.  The  specimen  to  which  the 
skin  belonged  may  have  been  about  a  foot  iu  length.  Taking 
it  in  connection  with  what  is  known  of  the  skeleton,  we  can 
reproduce  the  external   appearance  of  the   animal      It  was 
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lizard-like  in  form,  with  a  somewhat  flat  and  broad  head  and 
strong  teeth  with  folded  dentina  Its  back  was  covered  with  a 
shining  skio  filled  with  microscopic  homy  scales.  Its  sides  were 
marked  by  vertical  bauds  separated  by  delicate  indented  lines. 
Anteriorly  it  was  ornamented  with  numerous  cutaneous  lappets 
or  pendants.  The  sides  were  bordered  with  a  row  of  sharp 
horny  points,  and  the  throat,  thorax  and  abdomen  were  pro- 
tecteii  oy  bony  scales  and  plates,  the  scales  of  the  throat  being 
narrow  and  small  and  arranged  in  a  chevron  pattern. 

Dendrerpeton  Oweni  probably  had  the  scales  of  the  back 
and  the  homy  appendages  larger  in  proportion,  that  is,  if  I  have 
rightly  referred  to  that  species  some  similar  remains  to  those 
above  mentioned,  found  in  1869.  Hylonomus  LyelU  had  a  fer 
more  ornate  set  of  cutaneous  appendages,  as  evidenced  by  re- 
mains of  skin  found  associated  with  its  bones,  also  in  1859.* 
The  tree  of  1876  contains  no  cuticular  remains  referable  to 
these  species. 

4.  Hemains  of  Hylonomus, 

The  bones  of  this  genus  are  all,  I  think,  referable  to  H,  LyelU^ 
and  to  specimens  about  the  size  of  those  previously  found. 
They  throw  little  additional  light  on  its  character,  except  to 
indicate  that  it  was  probably  very  abundant,  and  to  render  it 
probable  that  the  specimens  formerly  described  were  adult 
Two  of  the  skulls  in  the  tree  of  1876  are  better  preserved  than 
those  previously  known,  and  confirm  the  statement  already 
made  as  to  the  smoothness  of  the  bones  and  the  greater  cranial 
elevation  as  compared  with  other  batrachians  of  the  Carbonifer- 
ous period.  This  is  indicated,  among  other  things,  by  the 
skulls  lying  upon  one  side,  which  is  not  found  to  be  the  case 
with  the  other  species.. 

In  the  admirable  Report  by  Cope  on  the  Batrachians  of  the 
Coal-formation  of  Ohio,f  he  places  Hylonomus  in  the  same 
family,  Tuditanidce^  with  Dendrerpeton,  This  I  think  does  not 
express  its  true  affinities.  The  more  elongate  and  narrow 
skull,  with  smooth  bones,  the  differently  formed  vertebrae,  the 
teeth  with  non- plicated  dentine,  the  different  microscope  struc- 
ture of  the  bone,  the  more  ornate  dermal  appendages,  all  sepa- 
rate these  animals  from  the  Labyrinthodonts,  and  entitle  them, 
as  I  have  formerly  held,  to  a  distinct  position  as  an  order  or 
sub-order,  for  which  I  proposed  in  1863  the  name  Microsauricu 
I  observe  that  in  the  report  on  the  Labyrinthodonts  prepared 
bv  Mr.  Miall  for  the  British  Association  in  1873,  and  in  the 
I'abular  View  appended  to  it  in  1874,  while  the  group  Microsau- 
ria  is  retained,  Dendrerpeton  is  placed  in  it,  as  well  as  Hylerpeton 

*  Journal  Geol.  Soc.,  vol.  xvi,  also  "  Air-breathere,"  1863. 
f  Paleontology  of  Ohio,  voL  ii. 
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and  Hylonomua.  This  I  think  is  an  error  in  so  far  as  the  first 
genus  is  concerned.  I  may  add  my  continued  conviction  that 
Hylonomus  and  its  allies  present  many  points  of  approach  to 
the  lacertian  reptiles,  which  I  hope  in  future  to  he  able  to 
work  out  more  in  detail 

Several  masses  of  Coprolite,  filled  with  small  broken  bones, 
were  obtained  in  breaking  up  the  material  surrounding  the 
skeletons.  I  presume  these  bones  belong  to  one  or  other  of 
the  smaller  species  of  Hylonomus;  but  I  have  not  yet  found 
any  of  them  to  be  sufficiently  characteristic  to  warrant  any 
confident  statement  on  the  subject  These  Coprolites  must 
have  been  produced  by  JJendrerpeton  or  Hylerpeton,  most  prob- 
ably the  former. 

The  above  statements  must  be  regarded  as  imperfect,  and 
preliminary  to  more  detailed  description  and  illustration  of  the 
specimens.  These  will  require  long  and  patient  work  and 
microscopic  examinations  of  the  bones  and  the  teeth,  and  when 
this  is  completed  they  will  be  placed  in  relation,  as  far  as  pos- 
sible, with  the  remains  previously  found  in  Nova  Scotia,  and 
with  what  is  known  of  coal  batrachians  elsewhere. 

I  think  it  quite  possible  that  further  examination  may  en- 
large the  number  of  species  above  mentioned.  I  have  been 
guided  mainly  in  the  reference  of  the  specimens  to  species  by 
the  structure  of  the  teeth  and  the  cranial  bones ;  but  some  of 
these  may  yield  new  points  of  diflference  on  further  study.  As 
all  the  specimens  are  preserved  under  the  same  conditions, 
there  is  less  liability  here,  than  in  most  cases,  to  multiply  species 
unduly,  in  consequence  of  diflerent  states  of  preservation. 

The  fact  that  Cope  has  been  able  to  catalogue,  in  his  recent 
Beport,*  39  genera  of  Carboniferous  batradhians,  including  about 
100  species,  and  that  these  present  so  wide  a  range  of  size, 
structure  and  general  conformation,  affords  a  very  remarkable 
illustration  of  that  simultaneous  occurrence  of  manv  forms  of  one 
type,  which  appears  in  so  many  other  groups  of  K)ssil  animals; 
and  is  particularly  striking  in  this  first  known  group  of  air- 
breathing  vertebrates,  which  since  1843  have  swarmed  upon  us 
from  the  coal-fields  of  both  continents,  and  of  which  we  proba- 
bly know  as  yet  but  a  small  fraction  of  the  species.  It  remains 
to  be  seen  whether  the  Devonian,  so  rich  in  its  land  flora,  and 
which  has  already  afforded  remains  of  insects,  may  not  disclose 
some  precursors  of  the  Carboniferous  batrachians. 

♦  Paleontology  of* Ohio,  vol.  ii. 
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Art.  XLIX. — Mineralogical  Notes.  No.  IV;  by  Edward  S. 
Dana,  Ph.D. — On  t/te  association  of  crystals  of  Quartz  and 
Calcite  in  parallel  position^  as  observed  on  a  specimen  from  the 
Yellowstone  l^ark. 


The  occurrence  of  crystals  of  quartz  in  parallel  position  upon 
the  faces  of  a  rhombohedron  of  calcite  was  long  since  described 
by  Breithaupt  The  relation  of  the  two  minerals  is  shown  in 
figure  1,  given  by  him  ;  each  crystal  of  quartz  has  its  pyramidal 

face  parallel  to  the  rhombohedron  {'\R) 
of  the  calcite.  Breithaupt  also  mentions 
specimens  in  which  the  calcite  had  been 
removed,  and  the  resulting  form  he 
speaks  of  under  the  head  of  pseudo- 
morphs  of  quartz  after  calcite,  as  a  "  tril- 
ling" of  quai^tz.* 

A  somewhat  analogous  case  was 
described  by  Rosef  and  Eck^  from 
Reichenstein  in  Silesia ;  more  recently  vom  Rath  and  Frenzel§ 
have  given  a  full  description,  illustrated  by  a  number  of  figures, 
of  a  similar  occurrence  from  Schneeberg,  Saxony.  In  the  speci- 
mens described  by  them  the  calcite  rhombohedron  (-4  R)  was  com- 
pletely enveloped  by  the  quartz.  Each  rhombohedral  face  of 
the  former  havinir  upon  it  a  pyramid  of  quartz,  united  by  a 

tyraraidal  face,  and  the  extension  of  these  six  crystals  regularly 
ad  produced  a  form  which  with  its  reentering  angles  appeared 
to  be  a  trilling  (a  compound  crystal  of  three  combined  crystals) 
of  quartz.  It  was  further  shown  by  vom  Rath  that  the  calcite 
alone  had  determinecJ  the  position  of  the  quartz  crystals,  and 
consequently  that  the  form,  which  had  resulted,  was  only  a 
psendo'trill'ng.  Both  the  vertical  twinningplane,  and  the  hori- 
zontal plane  of  the  compound  crystal  were  pronounced  to  be 
impossible  forms  with  quartz. 

Many  cases  of  the  association  of  crystals  of  different  species  in 
parallel  position  have  been  observed  (as  for  example,  of  albite 
on  orthoclase,  of  pyroxene  on  hornblende,  of  chrysolite  and 
humite,  etc.),  but  the  case  here  mentioned  is  of  an  exceptionally 
anomalous  character.  It  is  a  matter  of  some  interest,  therefore, 
to  note  the  discovery  of  a  new  c;use  of  this  association  of  quartz 
and  calcite  and  one  which  offers  some  features  not  before 
observed,  affording  at  least  a  partial  explanation  of  this  geomet- 
rical relation  between  the  two  minerals. 


♦Berg.  u.  Hutten.  Zeit.,  1861,  54. 
f  G.  Rose,  Pogg.  Ann.,  Ixxziil,  461. 


H.  Eck,  ZS.  G.  Ges.,  xviii,  426. 
Pogg.  Ann.,  civ,  17,  1874. 
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The  specimen  in  hand  was  obtained  by  the  writer  in  August, 
1875,  when  visiting  the  Yellowstone  National  Park  in  connec- 
tion with  the  party  of  Col.  William  Ludlow,  U.  S.  A.  It  was 
found  in  the  neighborhood  of  wliat  has  been  called  **  Specimen 
Mountain/'  a  locality  which  has  furnished  many  fine  amethysts, 
geodert  of  chalcedony,  and  fragments  of  silicitied  wood.  The 
rock  is  an  igneous  conglomerate. 

The  specimen  itself  consists  mostly  of  chalce<]ony,  upon  the 
surface  of  which  have  been  implanted  rhombohedrons  (-^^of 
calcite,  and  finally,  as  a  still  later  process,  the  quartz  nas 
incrusted  both  the  calcite  crystals  anu  simultaneously  the  ex- 
posed surfaces  of  the  chalcedony.  In  the  latter  position  a 
simple  drusy  surface  of  fine  quartz  crystals,  irregularly  planted, 
has  resulted,  but  the  crystals  upon  the  calcite,  though  unques- 
tionably of  simultaneous  fonnation,  are  all  in  a  similar  parallel 
position,  analogous  to  that  shown  in  fig.  1 ;  the  pvranjidal  faces  of 
the  quartz  crystals  {R  or  -R)  being  parallel  to  tlie  rhombohedral 
{-{R)  face  of  the  underlying  calcite.  In  some  cases  a  collection* 
of  small  parallel  crystals  of  quartz  form  a  coating  upon  each 
rhombohedral  face,  but  more  generally  these  crystals  are  so 
developed  as  to  be  united,  forming  [>erfectly  smooth  continuous 
faces  parallel  to  those  of  the  calcite.  Some  of  the  crystals  of 
calcite  are  half  an  inch  or  more  in  lengtn,  and  the  continuous 
layer  of  quartz  has  a  thickness  of  about  {  mm.,  completely  en- 
veloping them.  This  coating  may  be  readily  removed,  leaving 
the  calcite  crystal  entire.  The  completed  form,  as  remarked 
by  vom  Rath,  has  a  v^o^i  anomalous  appearance,  and  one  likely 
to  puzzle  the  careless  observer. 

The  general  appearance  of  the 
crystals  is  very  uniform;  it  is  shown 
in  fig.  2.  In  the  smaller  crystals 
(4  to  i  inch  broad),  the  symmetry 
of  the  planes  was  nearly  as  perfect 
as  in  the  drawing.  A  comparison 
of  this  figure  with  those  given  by 
vom  Rath  will  show  that  though  in 
the  main  features  similar,  still  the 
one  here  given  differs  in  some  most  important  respects. 

The  first  examination  of  the  crystals  suggests  the  probable 
existence  of  the  zones  (fig.  2)  /,  -fl,  -Rf,  i:  also  i,  R,  R^\  i'\ 
-/i",  -/i»^  and  i\  Rf.  R",  i'\  -«",  -R"\  The  three  cases  as 
they  are  continued  around  the  crystal  are  obviously  repetitions 
of  the  same  series  of  planes.  A  more  critical  study  of  them, 
however,  by  the  aid  of  the  reflecting  goniometer,  shows  that 
they  are  really  ou\y  pseudo-zoneSj  although  it  is  seen  at  the  same 
time  that  the  deviation  from  perfect  parallelism  is  very  slight. 
It  is  in  fact  a  remarkable  case  of  pseudo-symn^try. 
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The  following  augles  were  measured  in  these  "zones,"  as 
they  may  for  convenience  be  called.  A  double-telescope  goni- 
ometer was  employed  for  the  purpose,  though  the  character  of 
the  planes  was  not  such  as  to  allow  of  the  highest  degree  of 
accuracy. 

1.  Zone  t,  -i2,  -jB',  »' 

•  A-i2=ll3°  12'  i  /s-i2'=:143°  48'  -B/^-B'^  149'  28' 
t'/^-/2'=118MO'        t'>^-.i2=:143^46'  t   ^    t' =  77**  29' 

2.  Zone  i,  R,  R\  i%  -B',  -72*^ 

t/v*'=  102°    8'  iJ/^iJ^rr  124°    2'       -iJ^A-i?^  149°  18' 

Supposing  for  the  moment  that  the  two  series  of  planes 
mentioned  are  true  zones,  and  also  that,  as  appears  at  first  sight 
to  be  the  case,  the  whole  crystal  is  a  complex  iunn^  it  is  ob- 
vious that  the  twinning-plane  for  the  two  upper  crystals  of 
quartz  must  be  a  plane  m  the  zone  i,  -fi,  etc.,  and  must  either 
halve  the  angle  I /\  i\  or  which  is  the  same  thing -i? a -^,  or 
else  be  normal  to  this  bisecting  plane.  Similarly,  for  either 
crystal  above  and  the  one  diagonally  below,  the  twinning-plane 
must  also  lie  in  the  zone  i,  4-/?,  etc.,  and  must  be  either  that 
plane  which  bisects  the  angle  i/\i'\  and  RaR",  or  one  at  right 
angles  to  it 

For  the  first  case  the  measured  angle  of -R/s-R'=149°  28', 
gives  38°  24',  that  is,  141°  36'  or  the  angle  between  the 
twinning-plane  and  the  prism  /.  Again,  the  measured  angle 
77°  29'  for  iy^i'  gives  38°  44^  that  is,  141°  15i'  for  the  inclina- 
tion of  the  twinning-plane  upon  the  prism  i 

For  the  second  case,  the  angle  of  /?/vi?"=124°  2'  gives 
128°  53' for  the  angle  between  the  prism  and  the  twinning-plane, 
or  141°  7'  if  the  twinning-plane  is  normal  to  the  composition- 
plane.  Again  the  angle  of  t/\z"=102°  8'  gives  for  tne  same 
angle  128°  56',  or,  on  the  other  supposition,  141"  4'.  If  we 
compare  this  angle  (141°-142^)  thus  obtained  with  the  inclina- 
tion of  the  prism  upon  the  successive  planes  of  the  zone  be- 

tween  i  and  JR  having  the  general  symbol  m- ,  we  are  sur- 

m—l 

prised  to  find  that  it  agrees  quite  closely  with  that  which  is  re- 
quired for  i/\2-2,  viz.  142°  2'.  This  plane  2-2,  one  of  the  most 
commonly  occurring  of  all  the  various  forms  of  quartz  is  thus 
approximately  the  twinning-plane.  In  the  first  case  we  ob- 
tained 141°  36'  and  141°  15i,  and  in  the  second  case  141°  7', 
and  141°  4'.  There  is  here  some  discrepancy,  but  considering 
the  relation  of  the  crystals  the  correspondence  is  very  remark- 
able. 

The  conclusion  to  which  we  arrive  then,  is  this :  that  although 
the  position  of  the  quartz  is  unquestionably  determined  by  the 
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calcite,  nevertheless  the  resulting  form  possesses  a  remarkably 
high  degree  of  symmetry,  and  approximates  very  closely  to 
that  which  would  be  produced  by  a  twinning  parallel  to  the 
plane  2-2.  The  two  adjacent  crystals  are  united  by  the  twin- 
nine-plane,  and  the  two  diagonally  opposite  by  a  plane  normal 
to  this,  but  the  same  law  of  twinning  applies  to  both  cases. 

It  can  hardly  be  questioned  that  this  fact,  that  by  this  method 
of  grouping  the  form  of  the  quartz  approximates  so  closely  to  a 
form  wnich  might  well  exist  indepenaeutly,  must  be  at  least  a 
•  partial  reason  why  it  is  here  placed  in  so  remarkable  a  geomet- 
rical relation  with  calcite. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Size  of  Hydrogen  Atoms, — Annaheim  has  described 
a  simple  lecture  experiment  in  which  the  coloring  power  of  fuchsin 
and  cyanin  is  made  use  of  to  illustrate  the  extraordinarv  divisibil- 
ity of  matter.  To  form  an  idea  of  the  amount  of  coloring  matter 
visible  to  the  naked  eye,  he  weighed  out  0*0007  gram  fuchsin 
(C20II19N3HCI) — a  fragment  about  half  a  millimeter  in  diameter 
— dissolved  it  in  alcohol  and  diluted  the  solution  to  a  liter.  In  each 
centimeter,  therefore,  there  was  contained  0*0000007  gram  color- 
ing matter ;  and  yet,  placed  in  a  burette  one  centimeter  in  diame- 
ter, the  color  showed  distinctly  even  from  a  distance.  A  single 
drop  of  this  solution — of  35  to  the  cubic  centimeter — in  a  test- 
tube  placed  on  white  paper  showed  a  distinct  red  color.  Hence 
it  follows  that  the  eye  can  perceive  '00000002  gram  fuchsin.  But 
if  we  assume  that  each  drop  contains  only  one  molecule,  and  it 
cannot  contain  less,  then,  since  the  molecular  weight  of  fuchsin 
is  337*5,  the  maximum  weight  of  a  hydrogen  atom  is  73V.7  of 
0*00000002  gram,  or  0*000000000059  gram  I  The  same  experiment 
with  cyanin  (CggHg^N^I)  whose  molecular  weight  is  526,  leads 
to  a  similar  result.  One  milligram  dissolved  in  a  liter  of  alcohol, 
will  give  for  each  drop  0*0000000285  gram.  From  this,  it  appears 
that  the  weight  of  the  hydrogen  atom  cannot  exceed  0*000000000054 
gram,  a  curiously  close  comcidence. — Ber.  BerL  Chem,  Ges.^  ix, 
1151,  September,  1876.  o.  f.  b. 

2.  On  the  Atomic  Weight  of  Selenium, — Pbttbbsson  and  Ek- 
MAN  have  made  an  extended  research  on  the  atomic  weight  of 
selenium,  analyzing  for  this  purpose  calcium,  magnesium  and 
silver  selenates^  anunonium-aluminum  selenate,  silver  selenite,  and 
selenous  oxide,  all  of  the  greatest  attainable  purity.  Silver  selen- 
ite on  ignition  yields  a  beautiful  crystalline  crust  of  pure  silver. 
Hence  by  weighing  the  salt,  igniting  and  again  weighing,  the 
data  for  determining  the  atomic  weisht  are  obtained.  As  a  mean 
of  seven  analyses,  the  atomic  weight  obtained  was  79*01.     By 
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redaction  of  selenous  acid  by  sulphurous  acid,  collecting  and  dry- 
ing the  precipitate  and  weighing  i1,  another  determination  was 
made.  The  mean  of  five  determinations,  which  agree  w^ell  with 
each  other,  is  79  08.  The  authors,  believing  the  latter  determina- 
tion to  have  more  weight,  assign  the  atomic  weight  79*08  to  selen- 
ium, which  they  believe  correct  to  the  first  decimal  place. — Ber, 
Herl.  Chem,  Ges.y  ix,  1210,  September,  1876.  g.  p.  a 

S.  An  improved  Nitrogen-measuring  Tube, — Zulkowsky  has 
improved  the  apparatus  for  measuring  nitrogen  by  volume,  which 
was  proposed  by  Dumas.  It  consists  of  two  tubes,  1*8  cm.  diam- 
eter, and  68  cm.  long,  one  of  which  is  closed  at  the  top,  while 
both  are  drawn  down  at  bottom  so  as  to  slip  a  rubber  tube  over 
the  ends.  The  closed  tube  is  graduated,  and  it,  as  well  as  the 
other  tube,  has  a  small  lateral  tube  attached  44  cm.  from  the  top, 
the  one  on  the  closed  or  measuring  tube  for  connecting  the  appa- 
ratus with  the  combustion  tube,  the  other  furnished  with  a  quetsch- 
hahn,  for  drawing  off  the  liquid  within.  The  two  tubes  are  held 
parallel  and  upright  and  form  a  U  tube.  By  turning  the  meas- 
uring tube  down  it  may  be  filled  with  a  potash  solution.  The 
combustion  is  proceeded  with  as  usual,  carbon  dioxide  evolved 
from  hydro-sodium  carbonate  being  used  first  to  drive  out  the 
air.  As  the  bubbles  rise  through  the  potassium  hydrate,  they  are 
more  and  more  perfectly  absorbed.  When  this  process  is  finished 
the  substance  is  heated  and  the  nitrogen  is  allowed  to  come  over. 
Its  temperature  is  noted,  and,  after  making  the  level  of  the  liquid 
the  same  in  both  tubes,  its  volume  is  read  and  reduced  to  the 
normal  pressure  and  temperature.  Analytical  results  obtained 
with  it  are  given  which  are  exceedingly  accurate. — Liebig^s  Ann.y 
clxxxii,  296,  September,  1876.  g.  f.  r 

4.  Oil  the  Physical  properties  of  Gallium. — Boisbaudrax,  hav- 
ing prepared  a  decigram  of  very  nearly  pure  gallium,  has  made 
some  careful  observations  on  its  physical  properties.  Its  fusing 
point  is  about  29'6**,  so  that  the  heat  of  the  hand  liquefies  it. 
When  liquid,  it  exhibits  the  phenomena  of  surfusion  to  a  remark- 
able degree.  It  has  remained  liquid  for  more  than  a  month,  the 
globule  being  frequently  broken  and  reunited  again  by  a  steel 
blade,  in  a  room  the  temperature  of  which  often  fell  below  the 
freezing  point.  Contact  with  a  bit  of  solid  gallium  however, 
solidifi('d  it  at  once.  Liquid  gallium  is  very  mobile,  appears  cov- 
ered with  a  pellicle  when  exposed  to  the  air,  and  adheres  strongly 
to  glass.  Only  a  few  degrees  below  its  fusing  point,  the  metal  is 
hard  and  remarkably  tenacious ;  but  it  may  be  cut  with  a  knife 
as  aluminum  may.  It  crystallizes  with  facility,  crystal  facets 
being  developed  by  treatment  with  hydrochloric  acid.  It  does 
not  oxidize  at  a  red  heat  except  upon  the  surface  and  it  does  not 
volatilize.  Its  spark  spectrum  gives  the  two  well-known  bright 
lines  of  wave  length  417  and  40;M  ;  its  flame  spectrum  only  the 
417  line  and  this  difficultly.  Its  density,  approximately,  is  4*7; 
thus  placing  it,  like  its  other  physical  properties,  between  alumi- 
num and  indium.  Its  atomic  weight  places  it  there,  probably, 
also.— tTI  PAys.,  v,  277,  September,  1876.  g.  f.  a 
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6.  New  Vapor-density  method  for  Substances  of  high  BoUing- 
points. — The  labor  consequent  upon  the  determination  of  a  vapor 
density  in  the  case  of  a  substance  of  high  boiling  point  by  the 
method  of  Deville  and  Troost,  has  led  Victor  Meyer  to  contrive 
a  new  method  which  is  simple  and  easily  applied,  using  no  more 
material  than  the  method  of  Hofmann  and  yet  making  determina- 
tions up  to  the  boiling  point  of  sulphur,  444 '2°.  In  pjace  of  mer- 
cury, Wood's  fusible  metal,  fusing  at  70°  C.  is  used.  The  principle 
involved  consists  in  volatilizing  a  small  but  accurately  weighed 
quantity  of  the  substance  in  a  vessel  previously  completely  filled 
with  the  fusible  metal,  and  then  determining  the  volume  of  the 
vapor  bv  heating  in  sulphur  vapor  and  measuring  the  quantity  of 
metal  wliich  has  overflowed.  The  vessel  employed  is  a  bulb  of 
about  25  c.  c.  capacity  having  a  fine  point  at  top  and  a  tube  6  to 
7  mm.  diameter  and  6*7  centimeters  long  issuing  from  the  bottom 
and  bent  upward  to  just  above  the  point.  The  author  has  deter- 
mined  as  data,  the  specific  gravity  of  the  alloy  at  444°,  and  its 
expansion  coeflicient  oetween  98°  and  444° ;  one  gram  at  98°  in- 
creases 0*1092  c.  c.  at  444°.  The  substance  is  placed  in  a  small 
tube,  which  it  must  completely  fill,  and  is  introduced  into  the  bulb 
which  is  then  completely  filled  with  the  metal,  care  being  taken 
to  exclude  air-bubbles.  After  heating  to  the  temperature  of  boil- 
ing water,  the  excess  of  metal  on  the  tube  is  removed  and  the 
whole  is  weighed  to  decigrams.  The  bulb  is  then  fastened  to  a 
wire,  and  the  whole  is  plunged  in  the  vapor  of  boiling  sulphur  till 
the  temperature  is  uniform.  It  is  then  removed,  allowed  to  cool 
partially  and  weighed.  The  difference  in  weight  is  the  amount  of 
overflow.  Knowing  the  expansion-coeflicient,  its  volume  is  easily 
calculated  and  reduced.  All  the  data  are  now  known,  and  in  cal- 
culating the  density  the  author  uses  the  formula 

S -14146000 

^—  (a-.0036d)  (P+^)' 
in  which  S  is  the  weight  of  the  substance  used,  a  the  weight  of 
the  metal  used,  b  that  which  overflowed,  P  the  barometric  height, 
p  the  diflTerence  of  level  within  and  without.  The  density  of 
diphenyl  thus  obtained  is  5-33 ;  cal.  6*32.  Of  anthracene  6*24 ; 
cal.  6'16.  Of  triphenylamine  8*49 ;  cal.  8-48.  Of  anthraquinone 
7'22;  cal.  7*19.  Of  paradibrombenzene  814;  cal.  8-15. — Ber, 
Berl.  Chem.  Ges,^  ix,  1210,  September,  1876.  g.  f.  b. 

6.  On  Glycero-phosphoric  acid  from  Brain  Tissue, — Thudi- 
CHUM  and  Kingzktt  have  described  8ome  of  the  salts  of  glycero- 
phosphoric  acid  obtained  from  kephalin,  a  substance  prepared  by 
the  former  from  brain  tissue.  When  boiled  with  baryta  water, 
barium  salts  of  certain  fatty  acids,  barium  glycero-phosphate,  and 
one  or  two  nitrogenous  bases  result.  The  lead,  calcium  and  bari- 
um salts  of  glycero-phosphoric  acid  are  described.  A  singular 
compound  of  the  barium  salt,  called  an  alcoholo-hydrate,  was  ob- 
tained by  precipitating  it  by  alcohol,  which  contains  probably 
three  molecules  of  alcohol  and  six  of  water  united  to  one  of  acid 
Am.  Jour,  9ci.,  Third  Seribs—Vol.  XII,  No.  72.— Dbc,  1876. 
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glycero-phosphate.  The  authors  give  certain  theoretical  views 
conceminc:  the  kephalins,  myelins  and  lecithins  in  the  brain,  all  of 
which  yield  this  acid. — J.  (Jhem,  Soc.j  xxx,  20,  July,  1876. 

Q.  p.  B. 

7.  Chemistry:  GenercU^  Medical^  and  Pharmaceutical^  ineltAding 
the  Chemistry  of  the  U,  S.  PharmacopoHcu.  A  manual  of  the 
general  principles  of  the  science^  and  their  appliccUions  in  medicine 
and  pharmacy  ;  by  John  Attpibld,  Ph.D.,  F.C.S.,  etc.  Seventh 
edition.  Revised  from  the  Sixth  (English)  edition  by  the  Author. 
668  pp.  12mo.  Philadelphia,  1876.  (H.  C.  Lea.)— Dr.  Attfield's 
book  nas  in  nine  years  appeared  in  seven  successive  editions, 
of  which  the  present  has  been  adapted  by  the  author  expressly  to 
the  convenience  of  American  students  in  medical  chemistry.  It  is 
an  excellent  book  in  many  respects,  and  evidently  meets  the  wants 
of  the  class  of  students  for  whom  it  was  prepared.  The  modem 
nomenclature  and  philosophy  of  chemistry  and  the  metric  system 
are  used  in  the  work.  b.  s. 

8.  A  Systematic  Hand4)ook  of  Volumetric  Analysis^  etc.;  by 
Francis  Sutton,  F.C.S.,  etc.  Third  edition.  438  pp.  8vo. 
Philadelphia,  1876.  (Lindsay  and  Blakiston.) — The  former  edi- 
tions of  Mr.  Sutton's  excellent  haiid-book  have  long  been  in  the 
hands  of  chemists.  The  second  edition  has  for  some  time  been 
out  of  print,  however,  and  therefore  the  third  edition  is  the  more 
acceptable  to  working  chemists  who  will  find  in  it  a  careful  digest 
of  this  department  of  chemical  literature  brought  down  to  Sep- 
tember, 1876.  It  bears  marks  of  careful  revision  throughout 
The  sections  on  the  analyses  of  potable  waters  and  sewage  have 
been  completely  revised  and  much  enlarged  by  Mr.  W.  Thorp, 
long  connected  with  the  Pollution  of  Rivers  Commission,  as  Chief 
Chemical  Assistant  under  Drs.  Frankland  and  Armstrong.  The 
methods  of  analysis  of  potable  waters  introduced  by  these  chemists 
are  in  this  volume  carefully  collated  from  the  original  sources  and 
presented  in  clear  and  exact  statements.  The  chapters  on  gas 
analysis  by  Prof.  McLeod  have  also  been  revised  and  extended. 
Under  this  head  the  author  would  have  added  to  the  value  of  his 
hand-book  by  introducing  the  eudiometrical  apparatus  describe<l 
by  Mr.  C.  W.  Hinraan  in  this  Journal  for  September,  1 874,  (vol. 
viii,  p.  182),  which  combines  the  good  points  of  Russell  and 
Williamson's,  Doy^re's,  and  Gibbs'  apparatus  with  others  of  his 
own  in  a  very  compact  form,  giving  accurate  results  with  a  very 
important  saving  of  time  and  labor  and  the  great  convenience  of 
enabling  the  chemists  to  conduct  the  analyses  in  any  ordinary 
room.  This  book  well  deserves  the  highest  commendation  for  its 
fullness,  accuracy  and  systematic  arrangement  of  the  entire  sub- 
ject. It  is  a  pleasure  for  once  to  see  an  American  edition  of  an 
English  science-manual  escape  the  mutilation  too  frequently  com- 
mitted in  the  so-called  "  reprints  from  the  last  London  edition." 

B.  s. 

9.  Chemia  Coartata^  or  the  Key  to  Modern  Chemistry ;  by  A. 
H.  KoLLMYER,  A.M.,  M.D.,  etc.  iii  pp.  12mo.  Philadelphia. 
(Lirulbay  an-J  B\5\\a»totvy — TVv\%\^  an  attempt  to  present  some  of 
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the  leading  facts  of  chemistry  in  a  tabalar  foim.  1  he  facts  are 
arranged  in  classified  groups  under  the  heads,  Substance,  Synonyms, 
History,  Obtained  form,  Equations,  Properties  and  Teste.  "  The 
main  object  of  the  author  has  been  to  compress  into  as  small  a 
space  as  possible  everything  connected  with  the  study  that  deserves 
attention,  and  to  give  no  more  explanatory  matter  than  is  actually 
required  to  render  each  subject  perfectly  intelligible."  It  is 
evident  from  this  statement  that  the  author  attempts  too  much  for 
the  beginner  and  accomplishes  too  little  for  the  proficient  student. 

B.  8. 

10.  Lissajotis*  Curves. — M.  Mercapikb  has  introduced  some  im- 
provements in  the  apparatus  for  producing  these  curves.  Two 
large  tuning  forks  are  maintained  in  vibration  by  an  electric  cur- 
rent circulating  around  a  magnet  placed  between  the  prongs.  The 
pitch  is  regulated  approximately  by  two  weights  of  five  or  six 
hundred  grams  and  a  variation  of  an  entire  octave  is  thus  attained. 
The  main  improvement  is  in  the  apparatus  for  varying  the  pitch 
by  small  amounts  without  stopping  the  forks.  To  one  of  the 
prongs  is  attached  a  small  split  nut  through  which  a  screw  passes 
with  a  loaded  head.  The  latter  instead  of  being  round  has  four 
projecting  arms  by  means  of  which  it  may  be  turned  with  the 
finger  or  a  small  hammer.  The  distance  of  the  center  of  gravity 
of  the  screw  from  the  end  of  the  fork  is  thus  altered  and  with  it 
the  rapidity  of  the  vibration.  It  is  easy  to  see  that  the  period  of 
vibration  increases  with  the  amplitude,  and  although  this  change 
is  very  small,  yet  the  optical  method  is  so  sensitive  that  it  shows 
it  clearly. — Journal  de  Physique,  v,  309.  k.  c.  p. 

1 1.  Mechanical  Equivalent  of  Heat — The  committee  of  the 
British  Association  appointed  to  determine  this  constant,  report 
progress  as  follows :  Dr.  Joule  has  been  engaged  in  further  meas- 
urements by  means  of  the  friction  of  water,  and  as  the  average 
result  of  sixty  experiments  gives  772*2  in  British  gravitation  units 
at  Manchester.  The  greatest  deviation  from  the  above  average 
is  yiiy.  Experiments  have  yet  to  be  made  on  the  capacity  for 
heat  of  the  calorimeter,  the  provisional  computation  being  based 
on  the  experiments  of  Regimult.  The  greatest  possible  error  from 
this  source  is  probably  -^^^  and  that  from  the  incorrect  boiling 
point  of  the  thermometers  pj^  The  maximum  value  of  these  two 
corrections  might  amount  to  4*5  in  the  above  values.  The  experi- 
ments of  Hirn  on  the  friction  of  water  have  given  him  786,  but  the 
average  of  his  results  from  the  friction,  boring  and  crushing  of 
metals  gives  776.  Assuming  that  the  above  experiments  and  those 
made  by  Dr.  Joule  for  the  committee  on  Standards  of  Electrical 
Resistance  are  to  be  relied  on,  the  unit  issued  by  it  would  appear 
to  have  a  resistance  one-fortieth  too  small.  Inasmuch  as  the 
locality  in  which  the  experiments  for  that  unit  were  conducted 
was  open  to  objection,  it  appears  desirable  that  they  should  be 
conducted  under  more  favorable  circumstances. — Nature,  xiv,  476^ 

E.  c.  p. 

12.  OhnCs  Law, — Pro!  MAXWELLpresented  to  the  British  Asso- 
ciation at  their  last  meeting  the  Keport  of  the  Gomm\Uft^  1^^ 
Testing  Experimentally  the  Exactnea»  ot  OViTDJ^TuVw*   ^YX^a^TWir 
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cipal  difficulty  arises  from  the  fact  that  the  current  generates 
heat,  so  that  it  is  extremely  difficult  to  keep  the  temperature  con- 
stant with  different  currentH.  Since  the  resistance  is  the  same 
whichever  way  the  current  passes,  the  resistance,  if  not  constant, 
must  depend  upon  even  powers  of  the  intensity  of  the  current 
through  each  element  of  the  conductor.  Hence  if  we  cause  a  cur- 
rent to  pass  in  succession  through  two  conductors  of  different 
sections,  the  deviations  from  Ohm's  law  will  he  greater  in  the 
conductor  of  smaller  section,  and  if  the  resistances  are  equal  for 
small  currents  they  will  be  no  longer  equal  for  large  currents. 
The  first  test  was  by  means  of  five  coils  each  of  thirty  ohms  resist- 
ance, and  two  others  to  complete  the  bridge.  A  difference  of  over 
four-millionths  in  the  relative  resistance  of  any  two  of  these  coils 
proved  to  be  measurable.  According  to  Ohm's  law,  if  either  four 
of  these  were  connected  two  and  two,  the  resistance  should  be 
equal  to  that  of  the  fifth  coil.  By  mercury  cups  these  were  con* 
nected  in  such  a  way  that  each  in  turn  could  be  compared  with 
the  other  four.  The  results  showed  a  small  deviation  from  the 
law,  probably  due  to  irregularity  in  the  conducting  power  of  the 
connections  since  it  was  not  confirmed  in  the  more  searching  tests 
afterward  applied. 

A  second  method  was  next  adopted  in  which  weak  and  strong 
currents  were  alternately  passed  through  two  wires  of  nearly 
equal  resistance  but  one  short  and  fine  the  other  coarse  and  long. 
The  currents  were  changed  thirty,  and  sometimes  sixty  times  a 
second,  so  tliat  the  wire  could  not  sensibly  change  in  temperature 
in  the  interval.  Since  the  current  has  far  greater  intensity  in  the 
fine  than  in  the  coarse  wire  the  deviation  should  be  correspond- 
ingly  great.  Combining  these  resistances  with  two  coarse  wires 
in  a  Wheat8tone*s  bridge,  if  equilibrium  occurred  it  must  be  due 
to  either  one  of  two  causes.  Either  Ohm's  law  is  true  and  there 
is  no  difference  in  the  effect  of  the  two  currents,  or  the  apparent 
equilibrium  must  arise  from  a  succession  of  equal  and  alternate 
cun*entR  those  in  one  direction  due  to  the  stout  wire,  those  in  the 
other  to  the  fine  wire.  The  latter  case  is  easily  tested  by  revers- 
ing the  direction  of  the  weaker  current  when  its  effect  should  add 
to  that  of  the  other.  Currents  are  employed  in  some  cases  so 
powerful  as  to  heat  the  finer  wire  to  redness,  but  whenever  the 
action  was  steady  the  reversal  of  the  weaker  current  gave  no 
result.  Mr.  Chrystal,  by  whom  the  experiments  were  performed, 
has  put  his  result  in  the  following  form :  If  a  conductor  of  iron, 
platinum  or  German  silver  of  one  square  centimeter  in  section  has 
a  resistance  of  one  ohm  for  infinitelv  small  currents,  its  resistance 
when  acted  on  by  an  electromotive  fcrce  of  one  volt  (provided  its 
temperature  is  kept  the  same)  is  not  altered  by  so  much  as  the 
millionth  of  the  millionth  part. 

It  is  seldom,  if  ever,  that  so  searching  a  test  has  been  applied  to 
a  law  which  was  originally  established  by  experiment,  and  which 
must  still  be  considered  a  purely  empirical  law,  as  it  has  not  hith- 
erto been  deduced  from  the  fundamental  principles  of  dynamics. 
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Bat  tbe  mode  in  which  it  has  borne  this  test  not  only  warrants  onr 
entire  reliance  on  its  accuracy  within  the  limits  of  ordinary  experi- 
mental work,  but  encourages  us  to  believe  that  the  simplicity  of 
an  empirical  law  may  sometimes  be  an  argument  for  its  exactness, 
even  when  we  are  not  able  to  show  that  the  law  is  a  consequence 
of  elementary  dynamical  principles. — Nature^  xiv,  452.     k.  c.  p. 

13.  Protection  of  Buildings  from  Lightning, — Prof.  Maxwkll 
suggests  another  system  of  protecting  buildings  quite  imlike  that 
in  common  use.  Attention  is  generally  especially  devoted  to  the 
two  ends  of  the  conductor,  to  secure  an  elevated  and  pointed  ter- 
minal above  and  a  good  connection  with  moist  earth  below.  This 
system  seems  calculated  rather  for  the  benefit  of  the  surrounding 
country  and  for  the  relief  of  clouds  laboring  under  an  accumula- 
tion of  electricity,  than  for  the  protection  of  the  building  on  which 
the  conductor  is  erected.  What  we  really  wish  is  to  prevent  the 
possibility  of  an  electric  discharge  taking  place  within  a  certain 
region,  say  in  the  inside  of  a  gunpowder  manufactory.  An  electric 
discharge  caimot  occur  between  two  bodies  unless  the  difierence 
in  their  potentials  is  sufficiently  great  compared  with  the  distance 
between  them.  This  may  be  avoided  by  connecting  all  these 
bodies  by  good  conductors  as  wire  ropes.  But  this  is  not  neces- 
sary if  the  exterior  is  covered  with  a  good  conductor.  Thus,  if 
the  roof,  walls  ano  ground  floor  are  covered  with  thick  sheet- 
copper,  no  electrical  effect  could  be  produced  inside  by  a  thunder 
storm.  No  earth  connection  would  be  necessary  and  the  building 
might  even  be  insulated  by  a  layer  of  asphalte.  Any  long  con- 
ductor, ns  the  gas  or  water  pipes,  should  be  connected  with  the 
sheet  copper.  Accordingly  a  telegraph  wire  should  not  pass  inside 
the  building,  since  this  connection  would  render  it  useless.  An 
entire  covering  is  by  no  means  necessary.  A  network  formed  by 
carrying  a  stout  copper  wire  around  the  foundation,  up  each  of 
the  corners  and  gables  and  along  the  ridges  avouUI  probably  be 
suilicient  for  any  thunderstorm  in  this  climate.  If  there  are  any 
gas  or  water  pipes,  they  should  be  connected  with  the  wires,  but 
if  there  are  no  such  metallic  connections  with  distant  points,  it  is 
not  necessary  to  take  any  pains  to  facilitate  the  escape  of  the  elec- 
tricity into  the  earth. — Nature^  xiv,  479.  k.  c.  p. 

14.  On  tJie  Tidal  Retardation  Arifunient  for  the  Age  of  the 
Earth, — Mr.  James  Croll,  LTi.D.,  F.R.S.,  of  the  Geological  Sui-vey, 
read  a  paper  "  On  the  Tidal  Retardation  Argument  for  the  Age 
of  the  Earth.''  Many  years  ago  Sir  William  Thomson  demon- 
strated from  physical  considerations  that  the  views  which  then 
prevailed  in  regard  to  geological  time  and  the  age  of  our  globe 
were  perfectly  erroneous.  His  two  main  arguments,  as  are  well 
known,  were — first,  that  based  on  the  sun^s  possible  age;  and 
secondly,  that  based  on  the  secular  cooling  of  the  earth.  More 
recently  he  has  advanced  a  third  argument  (Trans.  Geol.  Soc  of 
Glasgow,  vol.  iii,  p.  1),  based  on  tidal  retardation.  It  is  well 
known  that  owing  to  tidal  retardation  the  rate  of  the  earth's  rota- 
tion is  slowly  diminishing,  and  it  is,  therefore,  evident  that  if  we 
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go  back  for  many  millions  of  years  we  reach  a  period  when  the 
earth  must  have  been  rotating  much  faster  than  now.  Sir  Wil- 
liam^s  argument  is,  that  had  the  earth  solidified  several  hundred 
millions  of  years  ago  the  flattening  at  the  poles  and  the  bulging 
at  the  equator  would  have  been  much  greater  than  we  find  tnem 
to  be.  Therefore,  because  the  earth  is  so  little  flattened  it  most 
have  been  rotating,  when  it  became  solid,  at  very  nearly  the  same 
rate  as  at  present.  And  as  the  rate  of  rotation  is  becoming  slower 
and  slower,  it  cannot  be  so  many  millions  of  years  back  since 
solidification  took  place.  A  few  years  ago  I  ventured  to  point 
out  (Nature^  Aug.  2l8t,  1871;  Climate  and  Time,  p.  835,)  what 
appeared  to  be  a  very  obvious  objection  to  the  argument,  and  as 
the  validity  of  the  objection,  so  liar  as  I  am  aware,  has  never  been 
questioned,  I  have  been  induced  to  believe  that  the  argument 
referred  to  had  been  abandoned.  But  I  find  that  I^rofessor  Tait 
in  his  work  on  *'  Recent  Advances  in  Physical  Science,"  restates 
the  argument  as  perfectly  conclusive,  and  makes  no  reference 
whatever  to  my  objection.  As  the  subject  is  one  of  very  consider- 
able importance,  I  may  be  permitted  to  direct  attention  to  the 
objection  in  question,  which  briefly  is  as  follows : 

It  has  been  proved  by  a  method  pointed  out  a  few  years  ago 
(Philosophical  Magazine*  May,  1868,  pp.  378-884,  February,  1867, 
p.  18:J0;  Climate  and  Time,  (Uhap.  xx;  Transactions  of  Geologi- 
cal Society  of  Glasgow,  vol.  lii,  p.  153),  and  which  is  now 
generally  admitted  to  be  reliable,  that  the  rocky  surface  of  our 
globe  is  being  lowered,  on  an  average,  by  subaerial  denudation  at 
the  rate  of  about  one  foot  in  6,000  years.  It  follows  as  a  conse- 
quence from  the  loss  of  centrifugal  force  resulting  from  the  retar- 
dation of  the  earth's  rotation,  occasioned  by  the  friction  of  the 
tidal-wave,  that  the  sea-level  must  be  slowly  sinking  at  the  equa- 
tor, and  rising  at  the  poles.  This,  of  couree,  tends  to  protect  the 
polar  regions,  and  expose  equatorial  regions  to  subaerial  denuda- 
tion. Now,  it  is  perfectly  obvious  that,  unless  the  sea-level  at  the 
equator  has,  in  consequence  of  tidal  retardation,  been  sinking 
during  past  ages  at  a  greater  rate  than  one  foot  in  6,000  years,  it 
is  physically  impossible  that  the  form  of  our  globe  could  have  been 
very  much  different  from  what  it  is  at  present,  whatever  may  have 
been  its  form  when  it  consolidated ;  because  subaerial  denudation 
would  have  lowered  the  equator  as  rapidly  as  the  sea  sank.  But 
in  equatorial  regions  the  rate  of  denudation  is,  no  doubt,  much 
greater  than  in  the  temperate  regions.  It  has  been  shown  in  the 
papers  above  referred  to  that  the  rate  at  which  a  country  is  being 
lowered  by  subaerial  denudation,  is  mainly  determined,  not  so 
much  by  the  character  of  its  rocks,  as  by  the  sedimentary  carrying 
power  of  its  river  systems.  Consequently,  other  things  being 
equal,  the  greater  the  rain-fall  the  greater  will  be  the  rate  of 
denudation.  We  know  that  the  basin  of  the  Ganges  for  example 
is  being  lowered  by  denudation  at  the  rate  of  about  one  foot  in  2,:mO 
years,  and  this  is  probably  not  very  far  from  the  average  rate  at 
which  the  equatorial  regions  are  being  denuded.  It  is  therefore 
evident  that  subaenaX   denM^^AAow  \^  W«w.u^   the  equator  as 
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rapidly  as  the  sea  level  is  sinking  from  loss  of  rotation,  and  that 
consequently  we  cannot  infer  from  the  present  form  of  our  globe 
what  was  its  form  when  it  solidified.  In  as  far  as  tidal  retarda- 
tion can  show  to  the  contrary  its  form  may  liave  been  as  oblate 
as  that  of  the  planet  Jupiter  when  solidification  took  place. 

There  is  another  circumstance  which  must  be  taken  mto  account. 
The  lowering  of  the  equator  by  the  transference  of  materials  from 
the  equator  to  the  higher  latitudes  must  tend  to  increase  the  rate 
of  rotation,  or,  more  properly,  it  must  tend  to  lessen  the  rate  of 
tidal  retardation. 

15.  Sounds  by  John  Tyndall.  448  pp.  8vo.  Third  edition,  re- 
vised and  enlarged.  New  York.  1876.  (D.  Appleton  &  Co.) 
— The  Preface  to  the  new  edition  of  this  valuable  work  opens 
with  the  statement  of  the  author  that  in  preparing  this  new  edi- 
tion of  his  work  he  has  amended,  as  far  as  possible,  its  defects  of 
style  and  matter,  and  paid  at  the  same  time  respectful  attention 
to  the  criticisms  and  suggestions  which  the  former  editions  called 
forth.  The  most  important  new  matter  introduced  is  an  account 
of  the  author's  investigations  on  the  acoustic  transparency  of  the 
atmosphere  in  relation  to  Fog-signaling.  The  preface  contains  an 
account  of  work  done  in  the  same  line  in  America,  and  especially 
by  Prof.  Henry,  after  which  follow  arguments  against  Prof.  Hen- 
ry's explanation  of  the  observed  phenomena.  The  distinguished 
author  repeats  in  his  preface  his  former  remarks  on  the  "injurious 
influence  still  exercised  by  authority  in  science,"  that  it  is  "  not 
only  injurious  but  deadly  wheti  it  cows  the  intellect ;"  when  if 
any  one's  intellect  has  been  thus  cowed  in  this  free  age,  no  one  is 
to  be  blamed  but  himself. 

16.  Entwickelung  der  theoretischen  Anaichten  Uber  die  gepaar- 
ten  Schtcefelverbihd'ungen  von  Georgk  A.  Smyth  (of  Amherst, 
Mass.)     122  pp.  8vo.     Berlin.     1876. 

IL   Geology  and  Mineralogy. 

1.  Meport  on  the  Geological  Map  of  Massachusetts^  prepared 
by  W.  O.  Crosby,  Assistant  in  the  Laboratory  of  the  Boston  So- 
ciety of  Natural  History.  52  pp.  8vo.  Boston,  1876. — The  map 
here  referred  to  is  one  colored  for  the  Centennial  Exposition  at 
Philadelphia.  Mr.  Crosby  lays  down  the  distribution  of  Norian, 
Iluronian,  Mont-Alban,  and  Paleozoic  areas  in  the  State,  gives  an 
account  of  the  rocks,  characterizing  them,  stating  briefly  their 
kinds  and  their  supposed  stratigraphical  relations.  Of  the  rocks 
of  the  State,  the  remark  is  made  at  the  outset,  that  they  "  are 
mainly  crystallines,  which  are  believed  to  belong  wholly  to  the 
Eozoic  [Archaean]  era;"  but  no  satisfactory  evidence  on  this  ques- 
tion of  age  is  brought  forward  except  that  with  regard  to  the  for- 
mation underlying  unconfonnably  the  Primordial  of  Braintree. 
The  fossiliferous  limestone  of  Bernardston,  containing  large  crinoi- 
dal  stems,  and  referred  by  Hall,  Billings  and  others  to  the  Helder- 
berg  formation  (lower  or  upper),  and  which  underlies  mica  slate 
and  quartzyte,  seems  to  be  included  by  the  author  with  the  Mont- 
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AlbaD,  the  Rtatement  being  made  that  the  argillite  of  BernarcLs- 
ton  is  of  this  age ;  if  not  so  intended,  this  most  interesting  form- 
ation is  left  unnoticed.  Of  the  age  of  the  limestone  and  associa- 
ted rocks  in  Berkshire,  Mr.  Crosby  says :  ''  it  seems  probable  that 
it  will  ultimately  prove  to  be,  as  an  increasing  nmnber  of  geolo- 

fists  are  inclined  even  now  to  regard  it,  older  than  the  Primor- 
iaL"  Such  a  conclusion  is  at  variance  with  the  fact  of  the  exist- 
ence of  Lower  Silurian  fossils  at  some  Vermont  localities  in  the 
limestone.  The  pamphlet  closes  with  an  account  of  the  G^logy 
of  the  Nashua  V  alley,  by  L.  S.  Burbank. 

2.  Geolof/iccU  Survey  of  Indiana;  Seve/tth  Annual  JKtport 
on  the  Surveys  made  during  the  year  1876,  E.  T.  Cox,  State  Ge- 
ologist. 802  pp.  8vo. — ^This  Report  treats  of  the  special  geology 
of  Vigo  and  Huntington  counties,  by  Mr.  Cox;  of  Kiply  and  Jen- 
nings counties,  by  W.  VV.  Borden ;  of  Orange,  by  M.  N.  Mrod 
and  E.  S.  Mclntire;  of  Vanderburg,  Owen  and  Montgomery 
counties,  and  portions  of  Clay  and  Putnam  counties,  by  J.  Col- 
lett ;  and  contains  also  a  report  on  the  depth  and  temperature  of 
the  lakes  of  Noilhern  Indiana,  by  G.  M  Levette,  and  another  on 
the  Flora  of  the  Wabash  Valley,  by  J.  Schenck,  M.D.,  and  on 
Fossil  marine  plants  of  the  Carboniferous,  by  L.  Lesquereux.  The 
volume  commences  with  a  General  Report  by  the  head  of  the  Sur- 
vey, which  includes  a  review  of  the  principal  observations  of  the 
year,  together  with  information  on  the  Coals  of  the  State,  with 
the  results  of  numerous  analyses,  on  the  distribution  of  the  mill- 
stone grit  and  on  its  whet-stone  bed  in  Orange  Co.,  with  a  list  of 
the  fossil  plants  in  this  bed,  as  furnished  by  Prof.  I^esquereux. 
Mr.  Levette's  survey  of  the  Lakes  states  that  the  ancient  shores 
of  many  of  the  lakes  afford  a  chalky  material,  which  is  nearly  pure 
carbonate  of  calcium  (with  3  or  4  per  cent  of  magnesia),  the  beds 
of  which  are  in  some  places  20  or  30  feet  thick.  It  affords  no 
evidence  of  organic  origin,  and  hence  is  stated  to  be  probably  a 
chemical  deposit.  An  artesian  boring  at  Fort  Wayne  has  reached 
a  depth  of  3,000  feet ;  the  first  88  feet  were  of  dritl ;  and  then  it 
entered  a  Niagara  limestone,  and  continued  through  limestone 
and  calcareous  shale  to  2,600  feet ;  thence,  through  soft  calcare- 
ous rock  to  its  present  bottom  in  the  Lower  Silurian.  The  tem- 
perature at  90,  100,  1,000,  1,500  and  2,635  feet,  registered  by  the 
thermometer  was  51^*^  F.  Another  well  at  Wabash  commenced 
in  the  Niagara  limestone  and  was  continued  in  limestone  and  cal- 
careous shale  to  a  depth  of  2,2 VO  feet,  without  getting  a  flow  of 
water.  At  100,  500,  1,000,  and  2,270  feet  the  temperature  of  the 
water  obtained  was  50^°  V,  The  thermometer  was  one  made  for 
the  purpose  by  James  Green  of  New  York.  Mr.  Cox  says  that 
"The  inference  to  be  drawn  from  the  uniform  temperature  of 
these  wells  is  that  they  are  filled  with  water  that  comes  from  an 
upper  stratum."  In  another  well  1 ,923^  feet  deep  at  Terre  Haute, 
penetratirtg  the  Coal  measures  and  Devonian,  and  slopping,  it  is 
oelieved,  in  the  Niagara,  the  temperature  obtained  throughout 
was  81^  F. ;  and  this  is  referred  to  waters  from  the  lower  part  of 
the  well  filling  it. 
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3.  Geologiccd  Map  of  Scotland^  by  Archibald  Geikie,  Di- 
rector of  the  Geological  Survey  of  ScotlaDd.  Edinburgh.  (W.  & 
A.  K.  Johnston,  Geographers  and  Engravers  to  the  Queen). — 
Professor  Geikie  has  contributed  much  by  his  own  labors  to  the 
knowledge  of  Scottish  geology,  and  thereby,  aided  also  by  the 
labors  of  others  on  the  survey  and  of  independent  investigations, 
he  has  been  enabled  to  make  great  improvements  in  preparing 
this  new  edition  of  the  map.  It  is  well  colored,  and  presents  to 
the  eye  illustrations  of  various  problems  of  great  interest  to  gen- 
eral geology.  It  is  of  convenient  portable  size,  measuring  about 
one  foot  ten  inches  by  two  feet  ten. 

4.  Huronian  of  Canada,  Letter  from  Mr.  A.  R.  C.  Selwyn, 
Director  of  the  Geological  Survey  of  Canada,  to  J.  D.  Dana, 
dated  Montreal,  October  28th,  1876.— Referring  to  Article  xxxvi 
Id  the  October  number  of  your  Journal,  it  seems  to  me  that  Mr. 
Bradley  has  quite  misunderstood  what  I  wrote  him  respecting  the 
so-called  Huronian  Series  of  Canada.  I  am  not  aware  that  I  ever 
mentioned  Sir  William  Logan's  name  to  Mr.  Bnidley,  in  the  mat- 
ter;  and  certainly  if  Sir  William  held  the  views  attributed  to  him, 
he  never  informed  me  of  the  fact.  When  Mr.  Bradley  sent  me  a 
copy  of  his  map,  in  acknowledging  the  receipt  of  it  I  remarked 
that  I  could  not  agree  in  the  propriety  of  including  the  whole  of 
the  Huronian  Series  in  the  Silurian  System,  though  I  saw  no  reason 
for  supposing  it  to  be  older  than  the  Cambrian — Harlech  and 
Longmynd  rocks — of  the  British  Survey,  which  are  supposed  to 
occupy  a  position  between  the  Primordial  and  the  Laurentian, 
which  is  also  the  position  assigned  to  the  Huronian  series  in 
America.  I  informed  Mr.  Bradley  that  the  Mistassinni  Lake 
Huronian  band  was,  in  some  part  of  its  course,  from  150  to  200 
miles  wide,  (not  300  miles  as  stated),  and  that  in  mineral  character 
part  of  it  very  closely  resembled  the  altered  Quebec  group  of 
Canada,  notably  in  tne  chromiferous  serpentine,  magnetite  and 
dolomite.  If,  however,  it  is  an  established  fact  that  in  Minnesota 
and  Wisconsin  the  same  Huronian  rocks  are  unconformably  cov- 
ered by  the  Potsdam  sandstone  it  becomes  certain,  whatever  their 
mineralogical  resemblances  may  be,  that  they  cannot  belong  to 
the  Quebec  group,  and  we  have  not,  so  far  as  I  know  at  present^ 
any  evidence  which  would  warrant  us  in  classing  them  with  the 
Silurian. 

6.  Geologiccd  Survey  of  Michigan,  Foaail  Corals^  by  Dr.  C. 
RoMiNGER,  State  Geologist  164  pp.  8vo,  with  56  plates. — An 
"  advance  copy,  unrevised  by  the  author,"  has  been  received,  and 
it  gives  us  great  pleasure  to  announce  the  appearance  of  a  work 
that  will  so  largely  meet  the  necessities  of  American  paleontolog- 
ical  science  in  the  depailment  of  Fossil  Corals.  The  illustrations 
are  albertypes,  and  beautiful  specimens  of  the  art,  being  among 
the  best  from  the  engraving  office  of  Julius  Bien  of  New  York. 
The  science  of  the  country  owes  much  to  the  Geological  Board  of 
the  State  of  Michigan,  that  they  authorized  the  preparation  and 

Snblication  of  so  complete  and  well-illustrated  a  Report  on  this 
itherto  much  neglected  branch  of  American  Paleontology. 
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6.  Memoira  of  the  Geological  Survey  of  India,  Pakpontol^pg- 
tea  Indica. — Published  by  order  of  the  Governor  General  of  In- 
dia in  Council,  under  the  direction  of  Thomas  Oldham,  LL.D., 
Superintendent  of  the  Geological  Survey  of  India.  Vol.  i,  Parts 
2,  3  and  4  (1875),  contain  the  continuation  of  the  memoir  on  the 
Jurassic  Ammonitidae  of  Kutch,  by  William  Waagen,  Ph.D. 
They  include  plates  5  to  60,  and  finish  the  volume. 

The  Memoirs  of  the  Survey  in  octavo,  vol.  xi,  part  2  (226 
pages),  c(»ntain,  a  paper  of  226  pages  by  Mr.  Wynne,  on  the 
TVana-Lidus  Salt  region^  Kohat  District,  which  is  illustrated  by 
several  fine  plates,  showing  the  displaced  and  folded  character  of 
the  rocks.  The  folds,  which  are  often  of  great  complexity,  in- 
clude the  Nummulitic  and  other  Tertiary  beds.  The  Rock  Salt 
belongs  to  the  lower  part  of  the  Nummulitic  strata,  and  is  referred 
to  the  early  Eocene.  In  some  places,  and  especially  near  Baha- 
dur Kh^l,  the  salt  forms  high  detached  hills,  clifl»,  and  naked 
exposures  for  a  distance  of  loxxv  miles,  with  a  width  exceeding  a 
quarter  of  a  mile ;  and  to  the  eastward  for  four  miles,  there  are 
large  crater-like  holes,  proving  its  presence  now  or  formerly  be- 
neath the  surface.  Throughout  the  district  it  frequently  appears 
in  precipitous  outcrops  within  the  elliptical  boundaries  of  the 
Nummulitic  limestone.  The  salt  is,  for  the  most  part,  remarkably 
pure,  without  admixture  with  potash  salts.  The  maximum  thick- 
ness of  the  salt  rock  is  not  less  than  1,230  feet.  It  is  associated 
with  gypsum,  and  to  the  eastward  is  somewhat  bituminous  at  top. 
ITie  underlying  strata  are  not  known ;  and  the  absence  of  fossils 
from  the  salt  beds  leave  some  doubt  as  to  its  precise  age.  A 
large  colored  geological  map  accompanies  the  memoir. 

The  Itecords  of  the  Geological  Survey^  vol.  ix,  part  1,  1876, 
contain  a  brief  Annual  Report,  together  with  an  account  of  the 
Geology  of  Bind,  by  Wm.  T.  Blanford,  the  rocks  of  which,  thus 
far  observed,  range  from  the  Infra-nummulitic,  supposed  to  be 
Lower  Eocene  to  the  Pliocene  and  more  recent. 

7.  Detritus  of  JRivers,  —  The  Liverpool  Geological  Society 
held  its  first  annual  meeting  of  the  session  on  the  10th  instant, 
when  the  retiring  president,  Mr.  T.  Mellard  Reade,  C.E.,  F.G.S., 
delivered  his  annual  address.  The  subject  was  an  interesting  one, 
being  a  calculation  of  the  amount  of  solid  matter  removed  annu- 
ally from  the  surface  of  England  and  Wales  in  solution,  in  rain, 
or  rather  river  water.  The  result  of  the  calculations,  which  were 
of  an  elaborate  nature,  founded  upon  the  analysis  of  water  given 
by  the  Rivers'  Pollution  Commission  in  their  Sixth  Report,  and 
the  rainfall  chart  prepared  by  Mr.  Symons,  showed  that  it  would 
take  1 3,000  years  to  remove,  in  this  manner,  one  foot  in  depth  of 
solid  matter  over  the  entire  surface  of  England  and  Wales.  This 
calculation  was  compared  with  others  prepared  by  Mr.  Reade,  of 
the  soluble  denudation  of  the  great  river  basins  of  Europe,  viz: 
the  Danube,  the  Rhine,  and  the  Rhone.  As  throwing  light  upon 
the  age  of  sedimentary  deposits,  the  calculations  taken,  together 
with  the  amount  of  matter  annually  brought  down  in  river  water 
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in  snspeDsion  in  the  form  of  mud,  are  extremely  intereeting,  and 
Mr.  Reade  deduced  from  them  that  the  minimum  amount  of  time 
which  must  have  elapsed  since  the  first  sedimentary  rocks  we 
know  of  were  laid  down  is,  in  round  numbers,  600  millions  of 
years,  thus  supporting  the  views  of  Lyell,  Hutton,  and  other  great 
geologists,  as  to  the  immense  age  of  the  world. — Nature,  Oct.  26. 
8.  Jfallefs  Theory  of  Volcanic  Energy, — The  paper  of  Pro£ 
Mallet  upon  volcanic  energy,  which  was  translated  into  Gennan 
by  Prof.  A.  von  Lasaulx,  has  been  somewhat  severely  criticized  in 
the  Gottingen  Gelehrte  Anzeige  by  O.  Lang.  This  criticism  has 
recently  been  fully  answered  by  Prof.  Lasaulx.  He  gives  a  satis- 
factory demonstration  of  the  mathematical  formula  referred  to 

iT=:  — L  that  by  which  Mallet  proves  that  a  crushing  of  the 

materials  of  the  earth's  crust  must  take  place,  and  shows  that  it 
is  mathematically  complete.  Moreover,  he  convicts  Mr.  Lang  of 
a  total  misunderstanding  of  the  question  involved,  and  shows  that 
he  himself  is  alone  responsible  for  the  difficulties  which  he  suggests. 

9.  Geological  reunion  at  the  Paris  deposition  in  1878. — 
The  American  Association  for  the  Advancement  of  Science,  at  its 
session  on  the  25th  of  August  last,  unanimously  adopted  the  fol- 
lowing resolution : — 

Resolved,  That  a  Committee  of  the  Association  be  appointed  by 
the  Chair  to  consider  the  propriety  of  holding  an  International 
Congress  of  Geologists  at  Pans,  during  the  International  Exhibi- 
tion in  1878,  for  the  purpose  of  getting  together  comparative  col- 
lections, maps  and  sections,  and  for  the  settling  of  many  obscure 
points  relating  to  geological  classification  and  nomenclature.  And 
that  to  this  Committee  be  added  our  guests.  Prof.  T.  H.  Huxley 
of  England,  Dr.  Otto  Torell  of  Sweden,  and  Dr.  E.  H.  von  Baum- 
hauer  of  the  Netherlands,  who  shall  be  requested  to  open  nego- 
tiations in  Europe  looking  to  a  full  representation  of  European 
geologists  at  the  proposed  Congress.  The  said  Committee  to  con- 
sist of  Prof.  William  H.  Rogers,  Messi-s.  James  Hall,  J.  W.  Daw- 
son, J.  8.  Newberry,  T.  Sterry  Hunt,  C.  H.  Hitchcock  and  R. 
Pumpelly,  in  behalf  of  the  Association,  with  the  addition  of  Prof. 
T.  H.  Huxley,  Dr.  Otto  Torell  and  Dr.  E.  H.  von  Baumhauer, 

On  the  same  day,  at  a  meeting  of  the  Committee,  Prof.  James 
Hall  was  elected  Chairman,  and  Dr.  T.  Sterry  Hunt,  Secretary. 
A  circular  has  since  been  issued,  which  is  to  appear  in  English, 
French  and  German,  and  to  be  distributed  to  geologists  through- 
out the  world,  asking  their  cooperation  in  this  great  work  of  an 
International  Geological  Exhibition  and  an  International  Geolog- 
ical Congress  to  be  held  at  Paris  in  1878 ;  the  precise  date  of  the 
Congress  to  be  subsequently  fixed. 

This  circular  recommends  with  reference  to  the  objects  of  the 
Congress,  that  the  Geological  department  of  the  Exposition  shall 
embrace:  (I)  Collections  of  rocks,  illustrating  all  points  of  litho- 
logical  and  geological  interest;  (2)  of  fossils,  and  especially  of  the 
Primordial  or  Cambrian;  and  (8)  of  geological  maps  and  sections. 
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10.  Recent  Discoveries  of  tfie  Brazilian  Geological  Commis- 
sion ;  by  Thko.  B.  Comstock,  AssistaDt  Professor  in  charge  of 
Geological  Department,  Cornell  University.  —  The  Rio  Curapa- 
t^ba  enters  the  Amazonas  from  the  north  at  a  distance  of  four 
hundred  miles  from  the  Atlantic  coast.  A  few  miles  above  the 
confluence  of  these  rivers,  on  the  left  bank  of  the  former,  is 
situated  the  villa  of  Monte  Alegre.  From  this  point,  in  1870, 
while  acting  as  an  assistant  on  the  first  Morgan  expedition  from 
Cornell  University,  the  writer  made  a  trip  northwestward  across 
the  country  over  the  trail  leading  to  the  hamlet  of  Erere.* 
Messrs.  Herbert  H.  Smith  and  Phineas  P.  Staunton  were  of  the 
party.  Shortly  after  crossing  the  Igarap6  de  Erer6,  a  small  river 
which  communicates  with  the  Curupatiiba  through  the  lower 
portion  of  the  Igarap^  do  Paitiina,  we  discovered  an  exposure  of 
Devonian  shales  yielding  a  few  fossils,  afterward  identified  by  Mr. 
Richard  Rathbun.  He  found  them  to  be  related  to  species  char- 
acteristic of  the  Hamilton  Period  in  New  York  State,  one  being 
only  a  variety  of  Disdrui  Lodensis  Hall,  while  the  others  were 
new  species  of  the  genus  /ji?if/tila,f  In  his  review  of  the  geology 
of  this  region,  Professor  Hartt  remarks : J  **  The  great  repository 

of  fossils  is  the   sandstone,   which appears  to  form 

bands  a  few  inches  in  thickness,  in terst ratified  with  the  shales  in 
their  upper  part.  [N.  B. — These  shales  are  probably  not  the 
equivalents  of  those  previously  mentioned,  for  they  are  exposed 

two  miles  north  of  the  little  village  of  Ererl. — t.  b.  c]     '* 

"The  fossils  most  abundant  in  the  sandstone  are  the  Brachiopoda, 
which  are  represented  by  twenty  species  belonging  to  tbe  follow- 
ing ujcnera :  Terebratula,,  Yitulina^  TVopidoteptuSy  Spirifera^  Cyr- 
tiiia(f)^  Retzia^  Streptorhynchns^  CJwnetes^  Orthls^  Mhynchonella 
and  Lingula^  all  of  which  are  described  in  the  paper  of  Mr. 
Rathbun." 

The  structural  geology  of  tbe  Erere-Monte  Alegre  district  was 
studied  with  considerable  care  by  Professor  Hartt  and  his  assist- 
ants on  the  first  Morgan  expedition,  and  further  details  were 
determined  by  himself  and  Mr.  O.  A.  Derby  in  the  following  year 
(1871).  They  were  unable,  however,  wholly  to  unravel  some  of 
the  more  difficult  problems  presented  in  that  region,  for  which 
reason  Messrs.  Derby,  Smith  and  Freitas,  of  the  Brazilian  Geolog- 
ical Commission,  have  spent  the  past  few  months  in  a  thorough 
survey  of  the  whole  area.  The  importance  of  the  results  obtained 
by  them,  as  reported  in  a  recent  letter  from  Mr.  Derby,  will  be 
better  understood  after  a  brief  review  of  the  general  physiognomy 
of  the  district  under  consideration. 

The  villa  of  Monte  Alegre  (upper  town)  is  perched  upon  the 
top  of  a  comparatively  level  block  of  horizontal  Tertiary  beds, 

*  See  P^liminary  Report  on  the  G^logy  and  Physical  Geog^phy  of  the 
Erer^  Monte  Alegre  District,  by  Professor  Ch.  Fred.  Hartt,  in  charge  ol  the  ex- 
pedition, in  Bulletin  of  the  Buffisdo  Soc.  Nat.  Scl.,  January,  1874. 

f  L.  Ora^na  Rathbun,  and  L.  Stauntoniana  Rathbun,  figured  and  described  in 
his  paper  "  On  tbe  Devonian  Brachiopoda  of  Erer^,  Province  of  Par^  IfoaiO,  in 
Bull.  Bufbdo  Soc.  Nat  Sd.,  January,  1874,  p.  259. 

\  Ibid.,  p.  212. 
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extending  in  a  carved  line  to  the  north  and  the  east.  To  the 
soathward  Btretch  the  broad  alluvial  Amazonian  plains,  across 
which  the  Curupatiiba  has  cut  its  way,  and  through  a  part  of 
which  the  lower  portion  of  the  Igarap^s  of  Erere  and  Paituna  are 
now  flowing.  Tlie  upper  portion  of  the  Igarap6  de  Erer6  and  its 
little  tributaries  together  drain  the  nearly  square  Devonian  floor, 
at  the  southern  side  of  which  is  situated  the  Indian  village  of 
Erer6.  The  rocks  over  the  last  mentioned  area  are  horizontal  or 
but  little  inclined,  but  the  square  space  is  partially  enclosed  by 
bold  aerras  of  more  complicated  structure  and  of  other  formations. 
A  series  of  ridges  extending  across  the  southern  limit  of  the  plain 
comprises  the  serras  of  Erer6 ;  Aroxi  and  Aracur^,  the  western 
edge  is  bounded  by  ranges  of  low  hills;  the  serra  of  Tanajuri 
occupies  the  eastern  end  of  a  row  of  ridges  along  the  northern 
side,  and  the  Monte  Alegre  plateau  completes  the  enclosure.  The 
serra  do  Paituna  lies  off  by  itself  a  few  miles  beyond  the  southern 
boundary  of  the  square^ 

The  table-topped  hills  between  Prainha  and  Almeirim  (Serras  de 
Par6),  noticed  in  nearly  every  account  of  Amazonian  travel,  were 
never  examined  carefully  until  Professor  Hartt  visited  them  in 
1871.*  They  lie  much  farther  to  the  east,  down  the  Amazonas 
from  Monte  Alegre,  and  have  generally  been  regarded  by  travelers 
as  members  of  the  same  system  of  serras  as  the  ridges  of  Erer6, 
Pait6na  and  Tanajurt  This  view  was  shown  to  be  erroneous  by 
Hartt,t  who  examined  the  westernmost  one  of  this  series,  known 
as  the  serra  Parana quara,  and  found  it  to  be  made  up  of  horizon- 
tal strata  probably  of  Tertiary  age. 

Messrs.  Derby  and  Smith,  with  Senhor  Freitas  have  now  suc- 
ceeded in  resolving  the  equivalents  of  the  formations  outcropping 
over  the  Erercj-Tanajui-l  district,  with  results  of  great  interest  to 
science.  They  have  discovered  a  few  localities  rich  in  fossils, 
such  being  quite  uncommon  in  this  tropical  region  where  exposures 
are  few  and  the  rocks  very  much  weathered.  The  serras,  in  which 
the  rocks  are  much  contorted,  are  composed  largely  of  Cretaceous 
beds  extending  downward  into  the  upper  Paleozoic  formations, 
Carboniferous  and  Devonian.  North  of  Erer^,  they  discovered 
1000  feet  or  more  of  Lower  Devonian  rocks,  underlying  those 
found  by  Mr.  Smith  and  the  writer  in  1870.  These  new  beds  are 
mainly  partzchronousl  with  the  Oriskany  sandstone  of  North 
America.  Mr.  Derby  writes  that  he  has  obtained  from  this  hori- 
zon "seventy-five  species,  including  several  characteristic  Oriskany 
species,  mixed  with  true  Devonian  forms.  The  Oriskany  here  is 
certainly  Devonian."  This  discovery  seems  very  significant  in  its 
bearing  upon  certain  theories  in  connection  with  "  cycles  of  depo- 
sition."    An  apparent  conflict  in  geognostical  and  paleontological 

*  Von  MartiuB,  in  fact,  was  the  only  previous  visitor  to  the  serras.  He  reported 
(Beise  tVi  Braailienj  Iller  TlteiLf  S.  1326),  upon  the  botanj  of  one  of  ^e  Serras  de 
Almeirim,  but  barely  touches  its  geology. 

}BulL  BuiZ.  Soc.  N.  S.,  ibid.,  p.  228,  et  seq. 
The  term  parachronoua  was  suggested  by  the  writer  (Reoonn.  N.  W.  Wyoming, 
etc,  Jones,  1874,  p.  143)  as  convenient  to  apply  to  beds  of  the  same  rdakve  age, 
when  true  synchronitm  \b  unoertain. 
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records  is  thas  harmonized,  as  it  appears.  The  same  number  of 
species  is  reported  from  the  Upper  Devonian  of  the  Erer6  district, 
and  the  Carboniferous  beds  have  yieldeii  a  similar  number  to  Mr. 
H.  \l.  Smith,  among  which  there  are  probably  some  entirely  new 
forms.  The  latter  formation  appears  to  extend  widely  over 
South  America,  as  elsewhere.  The  fossils  identified  by  Mr. 
Derby,  which  were  collected  on  the  Morgan  expeditions,  came 
from  outcrops  in  the  vicinity  of  Itaitdba,  on  the  Kio  Tapajos,*  and 
these  were  regarded  by  him  as  closely  related  to  the  Bolivian 
Carboniferous  fauna  and  to  other  beds  of  similar  age  (Coal 
measures)  in  both  North  and  South  America  and  in  Europe.f  The 
Cretaceous  beds  of  the  serras  have  afforded  many  fossils,  in  places, 
but  no  details  are  furnished  by  the  members  of  the  Imperial 
Survey. 

Professor  Hartt,  at  latest  account,  was  engaged  in  a  personal 
exploration  of  the  Coal-Measure  area  in  the  southern  province  of 
Santa  Catharina,  where  characteristic  plant-fossils  ana  workable 
beds  of  coal  are  known  to  exist. J  The  occurrence  of  coal  in  the 
valley  of  the  Amazonas  has  been  suspected ;  there  is  probably  no 
region  in  the  world  where  it  could  be  more  advantageously  era- 
ployed,  but  as  yet  no  exposure  of  valuable  beds  has  been  reported. 

11.  Nkw  Minerals.  Mottramite^  lioacoelite. — Prof.  H.  R 
Roscoe  has  recently  described  a  new  vanadium  mineral,  under  the 
name  of  Mottramite.  It  occurs  as  a  crystalline  incrustation  on 
the  Keuper  sandstone  at  Alderley  Edge,  and  at  Mottrara  St.  An- 
drew's, Cheshire,  England.  The  incrustation  is  usuallv  thin,  but 
sometimes  3  or  4  mm.  in  thickness.  Occasionally  in  minute  crys- 
tals of  a  black  velvety  appearance  in  the  mass,  but  by  transmit- 
ted light  yellow.  Also  compact,  opfique,  and  of  a  purplish  brown 
color.  Luster  resinous.  Streak  yellow.  H.=3  ;  G.z=5'894.  The 
mean  of  two  analyses  gave  Vg.Oj  17*14,  PbO  50-97,  CuO  lii'lO, 
(Fe,  Zn,  Mn)0  252,  CaO  2-13,  AlgO  0*26,  H^O  3-t53,  moisture 
0-22,  silica  1-06=97.03.  The  formula  is  written  (PbCu)3V208+ 
2llg(PbCu)02  analogous  to  erinite  and  dihydrite. 

Prof.  Uoscoe  has  also  examined  the  roscoelite,  named  by  Dr. 
Blake,  and  since  described  by  Dr.  Genth  (see  this  Journal,  III, 
xii,  31,  32).  The  formula  to  which  his  analysis  leads  is  as  fol- 
lows:— 2AIV2O8  4-K^Si,02o  -f  aq. ;  this  is  quite  a  different  result 
from  that  obtained  by  Dr.  Genth. — Proc.  Jioy,  *Soo.,  June  15.  1876. 

12.  The  '^Mexican  Onyx,'*'' — Prof  Marianor  Bacena,  of  the 
Mexican  Commission  to  the  Centennial  Exposition,  has  recently 
published  an  account  of  the  occurrence  and  chemical  character  of 
the  rocks  called  Mexican  <myx.  The  principal  deposits  are  located 
near  the  town  of  Tecalli,  in  the  State  of  Puebla.  It  is  essentially 
a  carbonate  of  calcium,  containing  small  quantities  of  the  oxides 

*  A  tributary  of  the  Amnzonas,  entering  the  latter  from  the  southwest  at 
Santarem,  not  many  miles  above  Monte  Alegre. 

t  See  paper  "On  the  Carboniferous  Brachiopoda  of  Itaitdba,  Rio  Tapajos, 
Province  of  Pari,  Brazil,"  by  0.  A.  Derby,  Bull.  Cornell  University,  (Science), 
Vol.  I,  No.  2,  where  figures  and  descriptions  are  given. 

X  Hartt,  Geology  and  Physical  Geography  of  Brazil,  1870,  p.  619. 
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of  iron  and  manganese,  to  which  the  variegated  colors  are  due, 
for  which  the  rock  is  so  much  admired.  The  specific  gravity,  2*9, 
shows  that  it  is  aragonite. 

III.  Botany  and  Zoology. 

1.  Relation  of  Coloration  to  Environment, — Mr.  Wallace's  over- 
sight about  a  ^^  Pdargonium  of  Kerguelen's  Land,"  has  been 
pointed  out  in  Nature  and  noted  in  this  Journal  (p.  400).  There 
Ls  another  oversight  as  to  locality,  which  may  as  well  be  corrected, 
though  of  no  practical  consequence.  It  is  in  Florida,  not  "  Vir- 
ginia," that  the  white  pigs  are  poisoned  by  Paint-root  {Lachnan- 
thes)j  while  the  black  are  unaffected.  It  may  be,  however,  that 
Mr.  Darwin's  explanation  of  the  immunity  is  nearer  the  mark  than 
Dr.  Ogle's,  adopted  by  Mr.  Wallace,  plausible  as  the  latter  is. 
For  if  only  black  hogs  are  raised,  as  Prof.  Wyman  stated,  and  if 
the  black  pigs,  by  reason  of  better  smell  and  taste  do  not  eat  the 
root,  as  Dr.  Ogle  suggests,  what  is  it  *'  which  colored  their  bones 
pink?"  It  may  not  be  so,  but  Prof.  Wyman's  account  implies 
that  the  bones  of  the  black  hogs  are  thus  colored.  Will  some 
one  at  the  proper  localities  in  Floiida  investigate  this  ?        a.  g. 

2.  Subradical  solitary  Flotoera  in  Scirpua, — ^'ITie  Rev.  Thomas 
Morong,  of  Melrose,  Massachusetts,  recently  brought  me  some 
specimens  of  my  Scirpus  supinus^  var.  HaUii  (olim  8,  HaUii)^ 
which  he  gathered  on  the  borders  of  Winter  Pond  in  Woburn  or 
Winchester,  Massachusetts,  late  in  September.  Mr.  Wm.  Boott  had 
also  detected  this  plant  in  the  same  locality.  It  is  interesting  to 
know  that  this  is  a  New  England  as  well  as  a  Western  species. 
But  a  higher  interest  is  given  by  Mr.  Morong's  discovery  that 
this  plant  freely  produces  solitary  female  flowers  in  the  axils  of 
sheaths  or  short  leaves  at  the  base  of  the  culm.  These  subradical 
flowers,  apparently  produced  only  at  the  close  of  summer,  have 
capillary  styles  of  half  an  inch  to  a  full  inch  in  length,  mostly 
deeply  three-cleft  with  unequal  branches,  sometimes  three-parted 
or  two-parted  nearly  to  the  ovary.  The  latter  sometimes  matures 
an  akene  which  is  similar  to  those  of  the  spikes  above.  No 
stamens  have  been  detected  in  these  flowers  ;  but  they  are 
found  in  some  imperfect  and  four  to  five-flowered  subradical  spikes 
which  I  have  occasionally  met  with,  and  which  are  in  some  sort 
intermediate  between  the  ordinary  and  this  extraordinary  inflo- 
rescence. Mr.  Morong  noticed  that  the  flowers  iii  his  specimens 
were  triandrous ;  but  I  find  that  some  are  diandrous.  These  long- 
overlooked  subradical  flowers  are  now  obvious  in  most  of  my  her- 
barium specimens  from  Illinois,  Missouri,  and  Texas,  in  those  with 
trifid  as  well  as  those  with  bifid  stigmas  of  the  ordinary  flowers. 
I  find  no  trace  of  subradical  flowers  in  the  true  6'.  supinus  of  the 
Old  World,  but  my  specimens  are  scanty.  They  occur,  however, 
in  a  specimen  (resembling  our  American  plant)  of  Griffith's  Ben- 
gal collection.  This  American  variety,  or  species,  has  narrower 
spikelets  and  more  carinate  scales  than  is  usual  in  S.  aupinus, 

K,  G. 
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3.  Dictionaire  de  Botanique ;  par  M.  H.  Baillon.  Dessins 
de  A.  Faoukt.  Premier  fascicule.  (5  francs.)  Paris :  Libndiie 
Hachette  &r  Cie.— This  is  a  large  undertaking.  The  first  fasci- 
culus just  issued  consists  of  80  pages,  large  4to,  doable  columns, 
with  one  chromolithic  colored  plate  (of  an  jEschynanthvs)  and 
very  many  wood-cuts,  some  of  which  have  done  service  in  the 
editor's  other  works^  To  this  we  would  not  object,  nor  to  the 
more  profuse  than  pertinent  illustration  of  the  first  article  of  the 
book,  viz :  a  privative,  by  sixteen  figures,  five  to  explain  its  use  in 
the  word  acetyledone^  three  for  that  ofasipcUe^  six  for  apitale  ;  but 
we  do  object  to  the  teaching  that  Mubla^  Loranthii^  and  Thesium 
are  destitute  of  calyx,  and  that  Asparagus^  Frittillaria  and  Gor 
lanthua  are  apetalous.  The  work  is  almost  exhaustive  in  plan,  is 
beautifully  illustrated,  and  well  printed  on  excellent  paper.     The 

f)rice  therefore  is  low ;  for  those  who  do  not  possess  a  botanical 
ibrary  it  should  be  a  boon ;  for  those  who  do,  a  great  conven- 
ience. It  is  far  more  needed  than  the  Histoire  des  PlanteSy  and 
we  are^lad  that  Prof  Baillon  has  turned  his  labors  in  this  direc- 
tion. The  list  of  collaborators  already  announced,  and  who  have 
contributed  to  this  fascicle  contains  good  names,  the  more  notable 
being  those  of  De  Seynes,  Nylander,  Foumier,  Bureau,  Weddel 
and  Ascherson.  Among  them  is  the  name  of  Rafinesque  I  Ap- 
parently all  botanical  names  are  to  be  given,  the  genera  in  French 
or  Latin  form,  or  in  both,  generic  characters  sketched,  important 
genera  illustrated,  popular  names  explained  or  referred,  botanical 
terms  defined,  and  botanical  authors  biographically  noticed.  The 
physiological  articles  are  encyclopcedic ;  that  on  absorption  fills 
almost  six  of  the  large  pages,  accroisement  four  and  a  half.  Accu- 
racy in  such  a  work  is  of  the  first  importance,  and  we  may  pre- 
sume that  all  reasonable  pains  will  be  taken.  But  we  notice  that, 
on  p.  27,  the  akene  of  a  V  alerian,  with  its  pappus,  figures  for  that 
of  a  co/iiposee,  and  on  p.  41,  Trautvetteria  is  named  Acttea  spicata, 
and  Agassiz  is  said  to  have  died  at  New  York.  a.  g. 

4.  Nuovo  GiomcUe  Botanico  Italiano  diretto  du  T.  Caruel. 
Pisa.  Vol.  viii.  1876. — This  volume  was  issued  in  four  parts,  of 
unequal  size,  the  first  in  January,  the  fourth  in  October;  the  jour- 
nal is  apparently  well  sustained ;  and,  besides  the  editor's  own 
articles,  has  papei-s  by  De  Notaris,  Delpino,  Arcangeli,  Saccardo, 
etc.  A.  G. 

5.  Flora  Orientalis ,  .  .  auctore  Edmond  Boissieis. — The  third 
volume  of  this  important  Flora — which  failed  to  reach  us  season- 
ably— was  published  in  1876.  It  fills  1133  pages,  and  carries  the 
work  on  from  Capri/oliaceoB  to  Pyrolacem  inclusive;  the  larger  part 
being  occupied  by  the  CoinposlUe^  which  dominate  in  the  Orient 
as  they  do  m  North  America,  but  under  different  tribes,  the  Inulea 
and  6'y/i«r6^e  taking  the  lead.  Centaurea  has  182  species,  (?*>«« wwi 
(Cnlcus)  74,  and  Couainia  136,  almost  all  Asiatic.  Before  the 
close  of  1875  the  first  part  of  the  fourth  volume  was  likewise 
issued  (280  pages),  continuing  the  Gmnopetalce^  Borraginece  being 
the  largest  order.  The  remamder  of  this  volume  may  soon  be  ex- 
pected. ▲.  o. 
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6.  On  the  BarringtoniacecB,  by  John  Miebs,  F.RS.,  etc. — An 
elaborate  memoir  of  this  group  of  tropical  plants,  published  in  the 
first  volume  of  the  new  series  of  the  Transactions  of  the  Lumean 
Society,  London,  1875,  with  nine  plates.  Mr.  Miers  insists  upon 
the  complete  separation  of  these  plants  from  Myrtacem^  and  their 
independence  as  a  natural  order,  of  ten  genera,  one  of  which  is  a 
restoration  and  four  newly  proposed.  The  typical  genus  is  reduced 
to  a  single  species,  while  the  restored  Butonica  has  sixteen,  and 
JStravadiwH  nineteen.  It  is  interesting  to  see  that  a  veteran  of 
the  author's  age  has  the  coui*age  to  undertake  and  the  force  to 
execute  a  work  of  this  sort.  The  figures,  moreover,  are  all  by  his 
band.  a.  o. 

7.  A  Catalogue  of  the  Forest  Trees  of  the  United  States^  which 
usually  attain  a  height  of  sixteen,  feet  or  rnore^  with  notes  and 
brief  desn'iptlons  of  the  more  important  species^  illustrating  the 
collection  of  Forest-tree  sections  on  exhibition  by  the  Department 
of  AgHcuUure  at  the  Centenni(tl  Exhibition^  Philadelphia,  Pre- 
pared by  Geo.  Vasey,  M.D.  (Washington,  1876.  38  pp.  8vo.) — 
All  agree  in  awarding  great  credit  to  Dr.  Vasey  for  the  United 
States  exhibition  of  our  native  trees  and  arborescent  plants. 
Making  the  collection  general  and  as  far  as  possible  complete,  and 
stinted  both  in  means  and  time,  he  could  not  undertake  to  accum- 
ulate sections  of  large  trunks,  such  as  those  of  some  State  and 
other  exhibits ;  but  his  collection  was  full,  systematic,  well-dis- 
played, and  most  instructive.  This  accompanying  pamphlet,  very 
useful  in  illustrating  the  exhibition,  will  still  be  convenient  and 
valuable  for  reference.  a.  g. 

8.  Morphology  of  the  Carpellary  Scales  of  Coniferce, — The  true 
nature  of  the  female  flower  of  Coniferse  has  been  an  important 
question  among  botanists  since  fifty  years,  when  Robert  Brown 
first  announced  the  doetrine  of  their  gymnospermous  character. 
Without  going  into  details  of  the  history  of  investigations  and 
theories,  it  may  be  stated  at  once  that  the  very  thorough  treat- 
ment of  the  question  by  G.  Stenzel,  published  a  few  months  ago 
in  the  Nov.  Act.  Nat.  Cur.,  vol.  xxxviii,  as  reported  by  Prof. 
£ichler  in  Flora  of  September  1st,  seems  definitely  to  settle  the 
controversy.  The  result  of  Steiizel's  examination  of  numerous 
monstrosities  of  female  flowers  of  the  Abies  excelsa^  obtained  at 
the  limit  of  tree  vegetation  on  the  Sudetic  Mountains,  is  that 
Mohl's  view  of  the  structure  of  the  fruit-scale,  based  on  the  nature 
of  the  double  leaf  of  Sciadopitys,  is  the  correct  one.  The  fruit- 
scale  in  AbieSj  and  in  all  Abietine^e,  in  this  view  consists  of  two 
leaves  of  an  undeveloped  axis,  or  branchlet  originating  in  the 
axil  of  the  bract,  and  the  posterior  (superior)  edges  of  these 
leaves  being  connate  laterally  and  a  little  backward,  as  the  lowest 
pair  of  leaves  or  bracts  in  Coniferse  always  are,  the  leaves  turn 
their  back  toward  the  axis  of  the  inflorescence  (the  cone)  and 
bear  on  that  side  one  ovule  each.  In  Cupressinece^  where  the  car- 
pellary scale  is  peltate,  and  often  bears  numerous  ovules,  the  same 
morphological  explanation  holds  good,  and  even  in  Podocarpeoi 

Am.  Joub.  Soi.— Third  Sbbibb,  Vol.  XII,  No.  72.— Dbo.,  1870. 
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and  TaxineoB^  which  have  no  fruit-scale,  we  must  come  to  the  same 
conclusion,  assuming  a  virtual  suppression  of  the  scale.  The 
greatest  difficulty  seems  to  arise  from  the  position  of  the  ovules 
on  the  dorsal  side  of  the  open  carpel,  which  is  not  seen  in  any 
angiospermous  plants ;  however,  the  anther-cells,  which  morpho- 
logically correspond  to  the  ovules,  are  in  Coniferse  also  borne  on 
the  lower  side  of  the  stamen-scale;  and  for  further  analogy  we 
have  to  look  to  the  Cycadew^  and,  be  it  boldly  announced,  to  the 
Ferns,  Lycopodiacece^  on  the  other  hand,  bearing  the  spore-cases 
on  the  upper  side  of  the  leaf,  cannot  be  regarded  as  the  progeni- 
tors of  Conifera?,  as  has  been  thought.  The  relationship  of  Coni- 
fersB  is  with  Cycadeoe  and  Fenis,  while  Gnetace<B  become  still 
farther  removed  from  them.  The  writer  of  this  notice  has  seen 
monstrous  (proliferous)  cones  of  Abies  Engelmanni^  in  Colorado, 
but  only  at  the  upper  limit  of  tree-vegetation,  under  similar  con- 
ditions to  the  European  monstrosities.  He  has  also  noticed  the 
foliaceous  development  of  the  carpellary  scales  in  monstrosities  of 
Abies  Canadensis^  either  into  a  distinct  or  a  more  or  less  connate 
pair  of  leaves ;  but  only  at  the  base,  not,  as  in  other  species,  at 
the  top  of  the  cone.  g.  k. 

9.  Species,  Genera,  et  Ordines  Alyarum.  Volumen  Tertium: 
De  Florideis  CuroR  Posteriores.  Auctore  J.  G.  Agabdh.  Lund. 
1876. — In  the  present  volume,  the  author  reviews  the  species 
described  in  the  first,  second,  and  a  portion  of  the  third  part  of 
volume  second  of  his  classic  work  on  algse,  giving  frequent  emen- 
dations, and  interpolating  the  species  described  smce  the  publica- 
tion of  that  volume.  The  whole  forms  a  volume  of  YOO  pages, 
and,  with  the  exception  of  the  Rhodomeleoe  and  CoraUi?ieoe^  pur- 
ports to  be  a  complete  monograph  of  the  orders  of  Florideae.  In 
the  execution  of  the  volume,  the  author  has  followed  the  same 
plan  as  in  the  preceding,  and  the  text  shows  a  careful  editing, 
Deing  comparatively  free  from  typographical  errors.  Twenty 
species  and  two  genera  are  either  new  to  the  United  States  or,  for 
the  first  time,  fully  described.  Centroceras  Oregonense  Ag.,  seems 
to  be  Centroceras  Eatonianum  Farlow,  published  in  the  Proc. 
Am.  Acad.,  March  9,  1876.  In  the  case  of  some  of  the  species 
described  from  California,  considering  the  small  amount  of  ma- 
terial probably  at  his  disposal,  Agardh  has  been,  perhaps,  a  little 
injudicious  in  separating  as  distinct  species  some  forms  which  had 
been  supposed  to  be  identical  with  European  species,  as,  for 
instance,  SarcophyUis  (Schizymenia)  edulis,  taken  to  be  the  same 
as  S.  effulis,  of  Europe,  and  Gymnogongyrxis  leptophyUus,  supposed 
to  be  G,  Griffithsice,  It  is  a  well-known  fact  that  species  of  algae 
attain  a  larger  size  on  the  Californian  coast  than  on  European 
shores,  and,  m  estimating  whether  a  species  is  new,  regard  should 
be  had  to  the  diflference  of  aspect  produced  by  a  more  luxuriant 
growth.  Plocanium  cocciiieuni  illustrates  this.  In  a  collection 
of  specimens  of  that  species  from  all  parts  of  the  world,  any  ex- 
perienced hand  could  readily  pick  out  the  specimens  coming  from 
California.     Yet,  although  more  luxuriant,  no  algologist,  with  the 
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exception  of  Kdtzing,  would  separate  the  Californian  form  as  a 
distinct  species.  Should  the  Californian  species  of  Agardh  be 
accepted  as  genuine,  it  would  go  far  to  overturn  the  conclusion 
that,  as  in  the  case  of  phanerogams,  so  we  have  a  number  of  spe-' 
cies  of  algee  common  to  Europe  and  California,  but  wanting  on  the 
eastern  coast  of  America.  The  significance  of  this  view  is  familiar 
to  the  readers  of  this  Journal  from  the  writings  of  Professor  Gray. 
The  present  volume,  except  for  the  preface  and  occasional  foot- 
notes, might  be  called  a  worthy  sequel  to  those  which  have  pre- 
ceded. But  in  the  preface,  Agardh  not  only  denies  the  fertilizing 
action  of  the  antherozoids  of  the  FloridecB^  but  even  declares  that 
he  has  not  been  able  to  see  in  the  trichogyne  anything  more  than 
an  aborted  branch.  He  completely  ignores  the  brilliant  discovery 
of  Thuret  and  Bornet,  and  seems  to  think  that  the  bare  announce- 
ment that  he  does  not  believe  it,  ought  to  counterbalance  the  state- 
ments of  careful  observers.  It  may  be  that  the  neatly  dried  speci- 
mens on  the  herbarium  shelves  at  Lund  do  not  show  clearly  the 
nature  of  the  trichogyne,  but  the  correctness  of  Thuret's  and 
Bomet's  observations  have  been  confirmed  by  numbers  of  algolo- 
gists  on  the  sea  shore,  and  the  fertilization  of  the  more  simple 
genera  such  as  NeurcUion^  Batrachospemiuni^  CaUWiawnion^  etc., 
has  become  a  common  object  of  class-demonstration  in  the  labora- 
tories of  Europe,  and  at  least  of  one  in  this  country.        w.  g.  f. 

10.  Notes  Algologiquea.  Fascicule  L  Par  M.  M.  Ed.  Bornbt  et 
G.  Thuret.  Paris,  1876.  Small  folio. — This  is  the  first  portion 
of  a  work  intended  to  embody  the  results  of  the  observations  of 
the  late  M.  Thuret  and  Dr.  Bornet  for  a  long  series  of  years.  M. 
Thuret,  during  his  frequent  algological  excursions,  had  a  number 
of  elaborate  dm  wines  executed,  principally  by  Riocreux,  with  the 
intention  of  publishing  them ;  but,  owing  to  the  difficulty  of  pro- 
curing capable  engravers,  the  plan  was  abandoned.  Not,  how- 
ever, wholly  relinquishing  his  plan,  he  had  many  less  complicated 
drawings  prepared,  which,  on  nis  untimely  death  in  the  spring  of 
1876,  were  bequeathed  to  his  friend  and  co-worker.  Dr.  Bornet, 
who  was  to  superintend  their  publication.  The  plates  of  this 
fascicule  are  twenty- five  in  number  and,  in  point  of  execution,  are 
unequalled  by  any  relating  to  algae,  excepting  those  which  illus- 
trated Thuret's  articles  on  zoospores  and  antheridia  in  the  Annates. 
The  work  is  to  algology  what  the  Carpologia  Fungorum  Seleota 
of  the  Tulasne  Brothers  is  to  fungology.  The  text  is  no  less  rich 
and  complete  than  the  plates.  A  general  description  of  the  repro- 
duction and  reproductive  organs  of  different  genera  precedes  the 
detailed  description  of  the  plates,  which,  in  the  present  fascicule, 
represent  species  referred  to  by  Bornet  in  his  Deuxihme  Note  sur 
les  Oonidies  des  Lichens^  or  which  were  collected  by  Schousboe  in 
Morocco  and  determined  by  Thuret.  The  notes  are  a  masterly 
exposition  of  the  reproduction  in  the  Nostochinem  and  Floridece^ 
and  are  so  replete  with  facts  that  a  single  reading  barely  suffices 
to  give  a  general  notion  of  the  contents.  Particularly  interesting 
are  the  description  of  the  reproduction  of  Calothrix  confervicola^ ; 
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and  the  comparative  description  of  the  fruit  of  the  different  genera 
included  by  older  writers  under  Oallithamnion.  The  fertilization 
of  Folyides^  similar  to  Dudresnaya^  is  referred  to,  but  will  proba- 
bly be  figured  later.  The  work  of  Agardh  is  an  encyclops^ia  in 
which  one  may  find  the  name  of  any  FloridicB  more  easily  perhaps 
than  in  any  other.  The  work  of  Bomet  and  Thuret  has  a  diflTer- 
ent  object.  Determination  of  names  by  a  somewhat  artificial 
grouping  is  subordinated  to  a  true  knowledge  of  the  relations  of 
algse  through  a  study  of  their  minute  anatomy  and  deyelopment. 

w.  G.  F. 

1 1.  Nuttall  OmithologiccU  Club. — Bulletin  No.  3,  for  September, 
contains,  besides  various  miscellaneous  notes,  a  paper  by  J.  A. 
Allen  on  the  Decrease  of  Birds  in  Massachusetts,  one  by  Dr. 
Elliott  Coues  on  the  number  of  Primaries  in  Oscines,  and  one  by 
William  Brewster  on  the  Yellow-bellied  Woodpecker,  Sphyrapi- 
cus  vanus. 

12.  A  Course  of  Practical  Instruction  in  Elementary  Biology ^ 
by  T.  H.  Huxley  and  H.  N.  Martin.  Second  edition,  revised. 
280  pp.  8vo.     London  and  New  York.    1876.    (Macmillan  &  Co.) 

13.  On  Casting  the  skin  in  Menopoma  AUeghaniense ;  by 
A.  R.  Grote.  The  following  observation  has  been  recently 
made  by  Mr.  Grote  on  a  specimen  in  the  aquarium  of  the  Buffalo 
Society  of  Natural  Sciences.  The  wide  mouth  is  opened  several 
times  to  its  fullest  extent,  by  which  means  the  skin  is  parted  on 
the  lips,  and  then  rolls  backward  over  the  head.  Before  this,  the 
transparent  pellicle  was  observed  to  be  loosely  surrounding  the 
surface  of  the  animal  from  which  it  had  separated.  By  short 
jerky  movements  the  Menopoma  then  withdrew  its  front  legs  from 

•  the  old  skin.  The  animal  next  moved  in  a  forward  direction, 
withdrawing  itself  from  the  skin,  which  was  shoved  back  by  the 
water  until  the  skin  was  folded  against  the  hind  legs.  The 
Menopoma  then  turned  shortly  round  on  itself,  and,  taking  the 
skin  in  its  mouth,  drew  it  over  the  hind  legs  and  tail.  The  skin 
was  retained  in  the  mouth  and  subsequently  swallowed.  The 
whole  operation  was  quickly  performed. 

IV.  Astronomy. 

1.  Intr  Or  Mercurial  Planet, — In  his  discussion  of  the  theory  of 
Mercury,  Mr.  Le  Verrier  found  reason  to  believe  in  the  existence 
of  a  planet,  or  of  matter  enough  to  form  a  planet,  revolving  around 
the  sun  within  the  orbit  of  Mercury.  An  observation  of  Mr. 
Weber,  of  Peckeloh,  of  a  black  round  spot  seen  by  him  last  April 
npon  the  sun,  has  revived  the  question,  though  Weber  is  proved, 
by  observations  at  Madrid  and  Greenwich,  to  have  seen  only  an 
ordinary  sun-spot. 

From  nearly  thirty  observations  within  the  last  115   years  of 

spots  supposed  to  have  been  such  a  planet,  Mr.  Le  Verrier  selects 

ten  as  most  worthy  of  confidence,  because  the  spot  is  reported  to 

have  been  in  motion.    Of  these^  five  are  in  March  and  October, 
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and  they  are  fairly  represented  by  a  planet  revolving  in  an  orbit 
either  in  33*02  or  in  27*96  days ;  less  exactly  by  an  orbit  of  24*25 
days,  or  one  of  40*32  days. 

At  Mr.  Le  Verrier's  request  the  sun  was  observed  early  in 
October,  both  in  this  country  and  in  Europe,  but  without  result. 
He  thinks  a  transit  possible  on  the  22d  of  March  next,  if  the  orbit 
is  one  of  33*02  days.  No  other  spring  transit  occurs  with  that 
supposition  before  1885.  For  an  October  transit  we  must  wait 
till  about  1881.  None  of  the  observations  made  use  of  by  Le 
Verrier,  however,  appear  to  be  so  free  from  doubts  as  to  establish 
the  existence  of  a  planet  within  the  orbit  of  Mercury,      h.  a.  n. 

2.  November  Meteors, — On  the  morning  of  November  14th, 
between  twelve  and  one  o'clock,  the  sky  at  New  Haven  was 
partly  clear.  Out  of  about  twelve  meteors  seen,  three  might  be 
called  conformable  to  the  radiant  in  Leo.  Shortly  after  one 
o'clock  the  sky  became  wholly  overcast  h.  a.  n. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  On  the  Extirpation  of  iSpecies ;  by  Prof.  Alfred  Newton. 
(From  his  Address,  Hrit.  Assoc,  as  published  in  Nature  of  Sept. 
14.) — And  now  to  follow  out  the  idea  with  which  I  began.  Hav- 
ing touched  on  the  two  chief  zoological  events  of  the  year,  let  us 
see  if  they  do  not  suggest  something  that  will  not  be  beneath  your 
consideration  for  the  remainder  of  this  address.  I  have  spoken  of 
the  certainty  of  the  expedition  from  which  we  now  welcome  our 
friends  being  succeeded  by  others  of  similar  character.  We  shall 
hardly  be  mdulging  any  vain  imagination  if  we  ask  ourselves 
what  we  may  look  forward  to  as  regards  their  reports ;  and  to 
one  point  we  may  perhaps  usefully  apply  ourselves. 

What  if  a  future  (JhaUenger  shall  report  of  some  island,  now 
known  to  possess  a  rich  and  varied  animal  population,  that  its 
present  fauna  had  disappeared  ?  that  its  only  mammals  were  ieral 
pigs,  goats,  rats,  and  rabbits — with  an  infusion  of  ferrets,  intro- 
duced by  a  zealous  '^  acclimatizer "  to  check  the  seperabundance 
of  the  rodents  last-named,  but  contented  themselves  with  the 
colonists'  chickens?  that  sparrows  and  starlings,  brought  from 
Europe,  were  its  only  land-birds,  that  the  former  had  propagated 
to  such  an  extent  that  the  cultivation  of  cereals  had  ceased  to  pay 
— the  prohibition  of  bird-keeping  boys  by  the  local  school-board 
contributing  to  the  same  effect — and  that  the  latter  (the  starlings) 
having  put  an  end  to  the  indigenous  insectivorous  birds  by  con- 
suming their  food,  had  turned  their  attention  to  the  settlers' 
orchards,  so  that  a  crop  of  fruit  was  only  to  be  looked  for  about 
once  in  five  years — when  the  great  periodical  cyclones  had  reduced 
the  number  of  the  depredators  ?  that  the  goats  had  destroyed  one 
half  of  the  original  flora,  and  the  rabbits  the  rest  ?  that  the  pigs 
devastated  the  potato-gardens,  and  yam-grounds  ?  This  is  no  fan- 
ciful picture.  I  pretend  not  to  the  gift  of  prophecy ;  that  is  a 
faculty  alien  to  the  scientific  mind ;  but  if  we  may  reason  from  the 
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known  to  the  unknown,  from  what  has  been  and  from  what  is  to 
what  will  be,  I  cannot  entertain  a  doubt  that  these  things  are 
coming  to  pass ;  for  I  am  sure  there  are  places  where  what  is  very 
Uke  them  has  already  happened. 

You  may  ask  why  this  is  so  ?  why  do  these  lands  so  speedily 
succumb  to  the  strangers  from  beyond  the  sea  ?  One  part  of  the 
answer  is  ready  to  hand  with  those  who  have  learned  one  of  the 
first  principles  of  biology  which  our  great  master,  Mr.  Darwin, 
has  laid  down  for  us.  1  he  weaker,  the  more  generalized  forms  of 
life  must  always  make  way  for  the  stronger  and  more  specialized. 
The  other  part  of  the  answer  is  supplied  by  Mr.  Wallace;  for  no 
one  can  have  studied  his  volumes  to  much  purpose  without  per- 
ceiving that  the  inhabitants  of  oceanic  islanas  and  of  the  southern 
hemisphere — the  great  Australian  Region  especially,  and  South 
America  not  much  less,  are  the  direct  and  comparatively  speaking 
little-changed  descendants  of  an  older,  a  more  generalized  and  a 
weaker  fauna  than  arc  the  present  inhabitants  of  this  quarter  of 
the  globe,  which  have  been,  so  to  speak,  elaborated  by  nature 
and  turned  out  as  the  latest  and  most  perfect  samples  of  her  handi- 
work. 

Set  face  to  face  with  unlooked-for  invaders,  and  forced  into  a 
contest  with  them  from  which  there  is  no  retreat,  it  is  not  in  the 
least  surprising  that  the  natives  should  succumb.  They  have 
hitherto  had  to  struggle  for  existence  only  with  creatures  of  a  like 
organization ;  nnd  the  issue  of  the  contest  which  has  been  going 
on  for  ages  is  that,  adapted  to  the  condition  under  which  they  find 
themselves,  they  maintain  their  footing  on  the  grounds  of  equality 
among  one  another,  and  so  for  centuries  they  may  have  '^kept  the 
noiseless  tenor  of  their  way."  Suddenly  man  interferes  and  lets 
loose  upon  them  an  entirely  new  race  of  animals,  which  act  and  re- 
act in  a  thousand  different  fashions  on  their  circumstances.  It  is 
not  necessary  that  the  new  comers  should  be  predacious ;  they 
may  be  so  far  void  of  offence  as  to  abstain  from  assaulting  the 
aboriginal  population  ;  but  they  occupy  the  same  haunts  and  con- 
sume the  same  food.  The  fruit,  the  herbage,  and  other  supplies 
that  sufficed  to  support  the  ancient  fauna  now  have  to  furnish  for- 
age for  the  invaders  as  well.  Their  effects  on  the  flora  there  is  no 
need  for  me  to  trace,  since  Dr.  Hooker  exj)res8ly  made  them  one 
of  the  themes  of  that  discourse  to  which  manv  of  us  listened  with 
rapt  attention  a  few  years  since  at  this  Association.  But  the  con- 
sequences of  the  invasion  to  the  native  fauna  have  never  been  so 
fully  made  known.  The  new  comere  are  creatures  whose  organiza- 
tion has  been  prepared  by  and  for  combat  throughout  generations 
innumerable.  Their  ancestors  have  been  elevated  in  the  scale  of 
being  by  the  discipline  of  strife.  Their  descendants  inherit  the 
developed  qualities  that  enabled  those  ancestors  to  win  a  hard- 
fought  existence  when  the  animals  around  them  were  no  higher  in 
grade  than  those  among  which  the  descendants  are  now  thrown.  Can 
We  doubt  that  the  victory  inclines  to  the  heirs  of  the  ancient  con- 
querors ?    The  struggle  is  like  one  between  an  army  of  veterans 
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and  a  population  unused  to  warfare.  It  is  that  of  Spaniards  with 
matchlocKS  and  coats  of  mail  against  Aztecs  with  feather  cloaks 
and  bows  and  arrows.  Mala  salus  victis.  A  few  years,  and  the 
majority  of  native  species  are  exterminated.  But  this  is  not  the 
worst.  The  species  which  perish  most  quickly  are  just  those 
that  naturalists  would  most  wish  to  preserve ;  for  they  are  those 
peculiar  and  endemic  forms  that  in  structure  and  constitution  rep- 
resent the  ancient  state  of  things  upon  the  earth,  and  supply  us 
with  some  of  the  most  instructive  evidence  as  to  the  order  of 
nature. 

With  the  progress  of  civilization  it  is  plain  that  there  will  soon 
be  hardly  a  land  but  will  bear  the  standard  of  a  European  nation 
or  of  a  community  of  European  descent,  and,  as  things  are  going 
on,  be  overrun  by  their  imports.  If  this  were  inevitable,  it  would 
be  useless  to  complain.  But  is  it  inevitable  ?  Is  it  not  obvious 
that  most  of  this  extermination  is  being  carried  on  unwittingly, 
and  may  not  some  of  it  be  avoided  by  proper  precautions  ?  If  so, 
should  not  men  of  science  make  a  stand,  and  interest  the  ignorant 
or  careless  in  the  importance  of  the  subject  ?  I  cannot  divest  my- 
self of  the  belief  that  the  course  of  the  next  century  will  see  the 
extirpation,  not  only  of  most  of  the  peculiar  faunas  I  had  in  view 
a  few  minutes  ago,  but  of  a  great  multitude  of  other  species  of 
animals  throughout  all  parts  of  the  world.  The  regret  with  which 
I  regard  such  extirpation  is  not  merely  a  matter  of  sentiment. 
Here  sentiment  and  science  are  for  once  on  the  same  side.  A 
heavy  blow  will  be  inflicted  on  zoology  by  the  disappearance  of 
some  of  these  marvellous  and  peculiar  forms.  There  is  no  one 
species  of  animal  whose  structure  and  habits  have  been  so  com- 
pletely investigated  that  absence  of  the  means  of  further  examina- 
tion would  not  be  a  distinct  deprivation  to  science ;  and  as  what 
Science  has  done  is  only  an  earnest  of  what  she  will  do,  we  cannot 
say  that  the  time  shall  ever  come  when  the  want  of  those  means 
will  not  be  severely  fel'.  It  is  then  for  scientific  men,  and  for 
naturalists  especially,  to  consider  whether  they  are  not  bound,  in 
the  interest  of  their  successors,  to  interpose  more  than  they  have 
hitherto  given  any  signs  of  doing. 

But  outside  this  audience  there  are  many  who  care  little  for 
consequences  like  these.  Such  persons  may,  however,  be  im- 
pressed by  thinking  that  the  indiscriminate  destruction  of  animals 
which,  in  one  way  or  another,  is  now  going  on,  must  sooner  or 
later  lead  to  the  extirpation  of  many  of  those  which  minister  to 
our  wants,  whether  of  comfort  or  luxury.  The  fur-bearing  crea- 
tures will  speedily,  if  they  do  not  already,  require  some  protection 
to  be  generally  accorded  to  them ;  and  that  such  protection  can 
be  effectually  given  is  evident  if  we  take  the  trouble  of  inquiring 
as  to  the  steps  taken  by  the  Russian  local  authorities  in  Alaska, 
and  now,  I  believe,  continued  by  those  of  the  United  States,  for  lim- 
iting the  slaughter  of  the  sea-otter  and  the  fur-seals  of  the  adjacent 
islands  to  particular  seasons.  No  one  can  suppose  that,  even  with 
the  assistance  we  get  from  Siberia,  our  supply  of  ivory  will  con- 
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tinae  what  it  now  i^  when  the  interior  of  Africa  is  pacified  and 
settled,  as  we  can  hardly  doubt  that  it  one  day  will  He ;  and  nn- 
less  we  can  find  some  substitute  for  that  useful  substance  before 
that  day  comes,  it  would  be  only  prudent  to  do  something  to 
check  the  wasteful  destruction  of  elephants.  Many  people  may 
think  that  the  continent  of  Africa  is  too  vast,  and  its  animal 
life  too  luxuriant,  for  the  efibrts  of  man  materially  to  affect  it.  If 
we  inquire,  however,  we  shall  find  that  thb  is  not  the  case,  and 
that  there  is  an  enormous  tract  of  country,  extending  far  beyond 
our  colonies  and  the  territories  of  the  neighboring  republics,  from 
which  most  of  the  larger  mammals  have  already  disappeared. 
There  is  good  reason  to  believe  that  at  least  one  specicH  has  be- 
come extinct  within  the  last  five-and-twenty  years  or  thereabouts ; 
and  though  I  do  not  mean  to  say  that  this  species,  the  true  zebra, 
had  any  economic  value,  yei  its  fate  is  an  indication  of  what  will 
befall  its  fellows ;  while  to  the  zoologist  its  extirpation  is  a  matter 
of  moment,  being  probably  the  first  case  of  the  total  extinction  of 
a  large  terrestrial  mammal  since  the  remote  days  when  the  Mega- 
ceros  hibemicus  disappeared. 

Time  would  fail  me  if  I  attempted  to  go  into  particulars  with 
regard  to  the  marine  Mammalia,  It  is  notorious  that  various 
members  of  the  orders  Sirenia^  Cetacea^  and  PinnipedUi^  have  re- 
cently dwindled  in  numbers  or  altogether  vanished  from  the  earth. 
The  manatee  and  dugong  have  been  recklessly  killed  off  from  hun- 
dreds of  localities  where  but  a  century  or  so  since  they  abounded ; 
and  with  them  the  stores  of  valuable  oil  that  they  furnish  have 
been  lost.  That  very  remarkable  Sireniau,  the  huge  Rhytina  gigas 
has  become  utterly  extinct.  The  greed  of  whalera  is  believed  to 
have  had  the  same  efiect  on  a  Cetacean  (the  Bakena  hiscayensUi) 
which  was  once  the  cause  of  a  flourishing  industry  on  the  coasts  of 
France  and  Spain.  The  same  greed  has  almost  exterminated  the 
right-whale  of  the  northern  seas,  and  is  fast  accomplishing  the 
same  end  in  the  case  of  seals  all  over  the  world.  You  are  proba- 
bly aware  that  an  Act  of  Parliament,  passed  in  the  session  of  1675, 
was  intended  to  put  some  check  upon  those  bloody  massacres  that 
anually  take  place  on  the  floating  ice  of  the  North  Atlantic,  to 
which  these  creatures  resort  at  the  time  of  bringing  forth  their 
young,  when 

^'  Sires,  mothers,  children  in  one  camago  lie." 

But,  whether  through  official  indifference,  or  what,  I  know  not, 
the  treaties  with  foreign  nations  authorized  by  that  Act  were  not 
completed ;  and  last  spring,  at  the  solicitation  of  certain  Aberdeen 
or  Peterhead  shipowners,  the  Board  of  Trade  allowed  ''  one  year 
more "  of  wholesale  slaughter.  Whatever  other  nations  might 
like  to  do,  our  hands  at  least  should  have  been  unstained.  It  is 
admitted  that  in  certain  manufactures — that  of  jute,  for  instance — 
animal  oil  is  absolutely  necessary.  It  is  easy  to  see  that  before 
long  there  will  be  very  little  animal  oil  forthcoming. 

2.  lAat  of  papers  read  at  the  session  of  the  Nation  cU  Acadetny 
of  Sciences  held  at  Philadelphia^  Pa.y  October  17M,  18^A,  and  19<A, 
1876.— 


Miscellaneous  Inielligence.  477 

ContributionB  to  Meteorology,  bj  Elias  Looms. 

Upon  the  direct  oomparison  of  Solar  radiation  with  that  of  the  Bessemer  Fur* 
naoe,  and  upon  the  law  of  Dulong  and  Petit,  by  S.  P.  Lakolet. 

On  the  affinities  of  Hjrpocephalus,  by  J.  L.  LbContb. 

On  a  change  in  the  relative  length  of  the  British  Bronze  and  Iron  Standard 
Yards  in  the  U.  S.  Office  of  Weights  and  Measures,  by  J.  E.  Hiloabd. 

On  sound  in  relation  to  Fog  Signals,  by  Joseph  Hsnbt. 

The  Results  of  an  Investigation  upon  the  Transformations  of  Planorbis  multi- 
formis, by  Alpheus  Hyatt. 

On  the  transmission  of  the  shock  of  the  explosion  at  Hell  Gate,  by  H.  L.  Abbot. 

On  the  geological  structure  and  topog^phical  aspects  of  the  Gatskill  Mountains, 
by  Jambs  Hall. 

On  the  physical  structure  and  altitudes  of  the  Southern  groups  of  the  Gatskill 
Mountains,  by  A.  Gutot. 

On  the  force  involved  in  Grookes'  Radiometer,  by  O.  N.  Rood. 

On  a  new  method  of  studying  the  reflexion  of  sound  waves,  by  O.  N.  Rood. 

On  a  property  of  the  Retina  first  observed  by  Tait,  by  O.  N.  Rood. 

On  a  series  of  molecular  changes  in  the  basaltic  rooks  of  Lake  Superior,  by  R. 

PUICPBLLT. 

On  the  power  of  certain  substances  to  abstract  salts  from  their  solution  in  water 
by  filtration  through  them,  by  R.  E.  Rogbbs. 

Note  on  the  new  compensation  of  a  pendulum  heretofore  described,  by  J.  Law- 
bekcb  Smith. 

The  following  is  a  list  of  the  members  elected  at  this  session : 
G.  F.  Barker,  Philadelphia,  Pa. ;  Joel  Asaph  Allen,  Cambridge, 
M  ass. ;  William  M.  Gabb,  Philadelphia,  Pa. ;  E.  S.  Morse,  Salem, 
Mass. ;  John  Newton,  U.  S.  Army. 

8.  Proceedings  of  the  CincinncUi  Society  of  Natural  History. 
— ^No.  1  of  these  Proceedings,  "January,  1876,"  has  been  recently 
published.  Its  twelve  pages  are  occupied  by  a  valuable  paper  on 
the  Variation  in  form  of  the  Family  Strepomatidse,  with  descrip- 
tions of  new  species,  by  A.  G.  Wetherby,  which  is  illustrated  by 
a  plate  of  fifteen  figures  representing  the  new  species,  JAthasia 
plicata^  Angitrema  parva^  Goniohasis  plicato-striata^  Anculosa 
umbilicata^  Angitrema  angulata, 

4.  TAe  Scientific  Monthly^  a  Magazine  devoted  to  the  Natural 
Sciences.  E.  H.  Fitch,  editor  and  proprietor,  Toledo,  Ohio. — 
The  August  number  of  this  monthly.  No.  11  of  the  first  volume, 
contains  various  papers  of  popular  interest.  The  first,  by  Dr.  T. 
A.  Fitch,  continues  an  article  on  Springs,  which  is  illustrated  by  a 
plate  giving  a  view  of  a  mud  volcano. 

5.  The  Universal  Metric  System^  by  Andrew  Colin,  M.  E., 
Principal  of  a  Preparatory  Scientific  School.  50  pp.  12mo.  New 
York,  1 876.  (D.  Appleton  <fe  Co.) — This  little  work  was  prepared, 
as  the  author  states,  "  especially  for  candidates  for  schools  of  sci- 
ence, engineers  and  others;"  and  it  is  well  adapted  for  its  pur- 
pose, and  for  the  wider  one  of  fitting  all  students  of  the  higher 
schools  or  academies  of  the  country  for  the  easy  use  of  the  metric 
system  in  calculations.  The  expression  universal  is  applied  to  the 
system  because,  although  first  adopted  by  the  French,  "  almost 
all  the  nations  of  the  world  have  now  adopted  it,"  and  its  use  will 
undoubtedly  be  soon  actually  universal.  The  explanations  of  the 
subject  are  simple  and  precise ;  and  numerous  problems  are  given, 
occupying  eighteen  pages,  in  order  to  make  the  work  a  good 
class-book. 
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6.  Bulletin  of  the  Minnesota  Academt/  of  Natural  Sciences^for 
th£  year  1876.  44  pp.  8vo. — This  Bulletin  contains  a  paper  by 
Prof.  N.  H.  WiNCHELL  on  early  explorers  of  the  Minnesota  valley 
(continued) ;  a  report  on  Ornithology  by  Dr.  F.  L.  Hatch  ;  notes 
on  Entomology,  by  R.  J.  Mbndbnhall,  treating  of  some  noxious 
insects ;  notes  on  a  storm  on  the  1 8th  of  July,  1867,  over  Pope  and 
Douglass  counties,  Minnesota,  by  6.  B.  Wright,  the  rainfall  of 
which,  in  Sauk  Centre,  amounted  to  at  least  ^'  30  inches  and  pro- 
bably reached  36  inches ;"  meteorological  statistics,  by  William 
Cheney;  and  notes  on  a  deep  well  drilled  at  East  Mmneapolis; 
by  N.  H.  WiNCHELL.  The  depth  of  this  well  was  1421  feet,  and 
it  descended,  after  passing  the  surface  soil,  through  the  Trenton 
limestone  and  subjacent  strata,  to  a  clayey  sandstone  of  the  Pri- 
mordial— the  formation  that  affords  the  well  known  "  pipes  tone" 
or  cntlinitey  of  Minnesota. 

7.  Arrangements  fyr  a  Meeting  of  the  British  Association — 
an  example  worth  following, — When  the  British  Association  met 
at  Belfast  (we  cite  from  the  Athenaeum  for  Sept.  9),  an  excellent 
guide-book  was  prepared  for  the  occasion  and  presented  to  mem- 
bers of  Committees.  In  1876,  the  promoters  of  the  Bristol 
meeting,  following  up  the  experiment,  Drought  out  a  larger  and 
more  elaborate  hand-book.  This  year,  at  Glasgow,  the  scheme 
was  further  extended,  and  on  Wednesday  morning  the  members 
were  surprised  by  the  issue  of  a  work  in  three  volumes,  one 
describing  the  geology  of  the  district,  another  its  fauna  and  flora, 
and  the  third  its  manufactures.  Moreover  several  scientific  col- 
lections were  specially  got  up  in  view  of  the  meeting,  and  nearly  a 
hundred  factories  were  thrown  open  for  inspection.  Besides,  there 
were  popular  evening  lectures  outside  of  the  work  of  the  Associa- 
tion :  on  Monday  evening,  by  Sir  Wyville  Thomson  on  the  Chal- 
lenger Expedition,  on  Tuesday  evening,  by  Commander  Cameron 
on  his  African  explorations,  and  Saturday  evening,  by  the  same, 
to  the  workingmen  of  Glasgow.  In  addition,  the  excursions  while 
of  various  kinds,  were  mainly  for  scientific  purposes. 

The  following  works  were  received  too  late  to  be  here  noticed: 

Reports  on  the  Geological  Survey  of  Pennsylvania,  by  J.  J.  Stevenson  and 
Professor  Frazer,  Jr. 

Zoology  of  Lieut.  Wheeler's  Expedition.  1020  pp.  4to.  with  many  plates,  part 
of  them  colored. 

The  American  Bisons,  living  and  extinct,  by  J.  A.  Allen.  246  pp.  4to,  with  12 
plates.     Memoirs  of  the  Mus.  Compar.  Zool,  Cambridge,  Mass. 

Monograph  of  American  Trilobites,  Part  I;  by  A.  Vogdes,  U.  S.  A^  16  pp. 
Tampa,  Florida.     1876. 

OBrrUARY. 

Charles  Sainte-Claire  Deville,  the  distinguished  geolos^ist 
and  meteorologist,  died  on  the  10th  of  October,  aged  62  years. 
He  was,  at  the  tin^e  of  his  death,  Inspector-General  of  the  French 
Meteorological  Stations.  A  notice  in  Nature^  speaks  of  his  sin- 
gular modesty,  and  states  that  "  in  accordance  with  a  desire  ex- 
pressed in  his  will,  no  official  deputation  of  the  Academy  was 
present  at  his  funeral,  and  no  funeral  oration  was '  pronounced 
over  his  grave  " 
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Abt.  L. — Principal  Characters  of  American  Pterodactyls;* 

by  Professor  0.  C.  Marsh. 

The  remains  of  Pterosauria^  or  flying  lizards,  hitherto  found 
in  this  country,  are  all  from  the  Upper  Cretaceous  deposits  of 
Kansas.  They  are  remarkable  for  tneir  large  size,  some  having 
a  spread  of  wings  not  lass  than  twenty-five  feet.  They  differ 
widely  from  the  Pterodactyls  of  the  old  world,  especially  in  the 
absence  of  teethy  and  hence  have  been  placed  by  the  writer  in  a 
new  order,  Pteranodontia^f  from  the  typical  genus  Pferanodon, 

In  this  gen  us,  the  skull  is  much  elongated.  The  orbits,  and  the 
antorbital  and  nasal  apertures  are  large.  The  maxillary  and  pre- 
maxillary  bones  are  coossified,  and  entirely  edentulous.  The  atlas 
and  axis  are  united.  The  scapular  arch  presents  some  peculiar 
features,  not  before  known  in  any  vertebrate.  The  scapula,  which 
is  firmly  coossified  with  the  c«>racoid,  has  at  its  distal  end  an 
oblique  articular  face.  This  articulation  is  separated  from  the  cor- 
responding  facet  of  the  opposite  scapula  by  a  thin  median  plate, 
which  is  apparently  a  neural  spine  of  a  dorsal  vertebra.  The 
two  scapulas  thus  brace  each  other,  and  aid  in  securing  power- 
ful flight.  In  Pieranodon  the  fourth  finger  is  greatly  elongated, 
and  the  wing  metacarpal  is  longer  than  half  the  antebracnium, 
There  are  five  separate  carpal  bones,  beside  the  pteroid  bone 
which  supported  the  membrane.  The  pteroid  is  not  a  true 
carpal,  but  is  perhaps  homologous,  with  the  small  bone  in  the 
foot  of  a  bat  which  supports  the  pataginm.  The  first  three 
metacarpals  are  very  slender,  pointed  above,  and  do  not  reach 
the  carpus.  At  their  distal  end  they  supported  sharp,  curved 
claws.  In  some  species,  the  distal  phalanx  of  the  wing  finger 
is  not  straight,  but  falciform. 

The  pelvis  in  Pteranodon  is  of  moderate  size.  The  ilia  are  elon- 
gate, and  the  acetabulum  is  imperforate.  The  ischia  are  broad, 
and  united  on  the  median  line.  The  tail  is  short  and  slender, 
and  the  distal  caudals  are  sometimes  coossified.  The  posterior 
limbs  are  well  developed.  The  tibia  has  at  its  distal  end  a 
pulley-like  articular  surface.     There  are  two  tarsal  bones  of 

*  Abstract  of  a  paper  read  before  the  American  Association  for  the  Adyance- 
ment  of  Science,  at  Buffalo,  Aag.  28th,  1876. 
f  This  Joumal,  toL  zi,  p.  607,  June,  1876. 
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nearly  equal  size,  and  a  small  lateral  bone,  which  may  possibly 
be  the  distal  end  of  the  fibula.  There  are  four  metatarsals  of 
nearly  the  same  length,  and  their  ungual  phalanges  are  pointed, 
but  not  much  curved. 

The  known  species  of  Pteranodon  are  as  follows :  Pteranodon 
occidtntalisi  Marsh  {OrnMochirusharpyia  Cope),  Pteranodon  ingens 
Marsh  {OrnWiochirus  umbrosus  Cope),  Pteranodon  velox  Marsh, 
Pteranodon  hngiceps  Marsh,  and  Pteranodon  comptus  Marsh. 

Nyctt}8anru8^  gen.  nov. 

A  second  genus  of  American  Pterodactyls  is  represented  in 
the  Yale  Museum  by  several  well  preserved  specimens.  This 
genus  is  nearly  related  to  Pteranodon^  but  may  be  readily  dis- 
tinguished from  it  by  the  scapular  arch,  in  which  the  coracoid 
is  not  coossified  with  the  scapula  The  latter  bone,  moreover, 
has  no  articulation  at  its  distal  end,  which  is  comparatively 
thin  and  expanded.  The  type  of  this  genus  is  Pteranodon 
gracilis  Marsh,  which  may  now  be  called  Nyctosaurus  gracilis. 
It  was  a  Pterodactyl  of  medium  size,  measuring  about  eight  to 
ten  feet  between  the  tips  of  the  expanded  win^  Its  locality  is  in 
the  upper  Cretaceous  of  Western  Kansas.  The  type  specimens 
of  all  the  above  species  are  preserved  in  the  Museum  of  Yale 
College. 
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and  dinitroaniline,  Augtetiy  121. 
Doelter  and  Hoemes.  on  dolomites,  72. 
Bomeyko,  /.,  minerals  of  Peru,  395. 
Button^  C.  Ry  earth's  physical  evolution, 

142. 

E 

Earth,  interior  of,  TTiomson,  339. 
age  of,  OroUj  457. 

possibility  of  change  of  axis,  Thorn' 
sorij  350. 

tidal  retardation  and  age  of,  457. 
physical  evolution  of,  142. 
Earthquakes,  recent,  Rodaooodn,  25. 
Ercles,  action  of  copper-zinc  couple  on 

chlorates  and  perchlorates,  293. 
Eichler,  A.  G.,  Flora  Brasilienais,  156. 
Electric  convection,  390. 
Electricity,  velocity  of,  Bavidaan^  161. 

Siemens,  295. 
Electro-magnetic  machine,  Anthony^  251. 

rotations,  58. 
Electro-magnet,  new,  57. 
Engelmann,  G.,  oaks  of  U.  Statos,  153. 
Engelmann,  H.,  Geological  Report,  221. 
Environment,  relation  of  living  things 

to,  Wallace,  357,  467. 
Erlenmeyer,  normal  and  iso-butyric  add, 

138. 
Erosion  of  valleys,  Gilbert^   88;    Bona, 

92 ;  Andrews,  304. 
Kther,  friction  of,  217. 
Ethyl  sulphate,  50. 
Evolution,  theory  of,  CopCj  309. 

on    some   points    connected    with, 
Wallace,  356. 

connection   of    cephalization  with, 
245. 
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larloWf   W.  (r.,  disease  of  orange  and 
olive  trees,  37. 
botanical  notices,  4T0. 
Films,  liquid,  66. 
Fire-damp,  explosion  of,  296. 
Fitch,  Sdentiflc  Monthly,  477. 
Ibrel,  waves  on  I^ike  Geneva,  212. 
Foster^  law  of  refraction,  56. 
Frankland,  nitrogen  in  waters,  292. 
^Fusion  of  soft  bodies,  390. 


Gallium,  52,  462. 

Gtes,  coal,  pyrogenic  hydrocarbons  in,  386. 
Gases,  friction  of,  388,  390. 
specific  heat  of,  217. 
viscosity  of,  140. 
Geikie,  A.,  geological  map,  noticed,  461. 
Geinitz,  F.  E.,  mineral  pseudomorphs,  231. 
Gtnth,  F.  A,  vanadium  minerals,  32. 

meteoric  iron,  72. 
G^ntisin,  63. 

Greological  chart  of  United  States,  Brad- 
ley, 286,  461. 
map  of  Europe,  161. 
of  Massachusetts,  459. 
of  Scotland,  461. 
GEOLoeioAL  Reports  ob  Subtbts — 
Brazil,  227,  464. 
Canada,  218. 
Illinois,  227. 
India,  462. 

Indiana,  221,  307,  4G0. 
Massachusetts,  459. 
Michigan,  461. 
New  Brunswick,  218. 
Newfoundland,  226. 
New  Mexico,  220. 
New  South  Wales,  150. 
Pennsylvania,  63. 
Sumatra,  71. 
Territories  (Hayden's),  71,   145,  167, 

219,  234. 
Texas,  63. 
Utah,  221. 
Victoria,  149. 

West  of  100th  Meridian  (Wheeler'sX 
61. 

Wisconsin,  71. 
Geological  reunion  at  Paris  in  1878,  463. 
GBOLOaT — 

Ashley  Beds,  fossils  from,  222. 

Batrachians,   Carboniferous,   Dowsotl 
440. 

Bird,  Eocene,  Cope,  306. 

Brachiopods,  Swedish,  227. 

Carboniferous    Pulmonates,    Dav)9or^ 
226. 

footprints  in  Indiana,  307. 
Catskill  Mt  range.  Hall,  300. 
Coal  eras  of  IncUa,  67. 


Gbologt — 
Coal-measure  plants  of  Chili,  308. 
Coal-measures,  marine  plants  in,  221. 
Colorado,  ore-bearing  rocks  of,  71. 
Colorado  Plateau,  Gilberi,  16,  85. 
Corals,  Tertiary,  in  Tasmania,  226. 
Crinoid,  new  Cretaceous,  Orinneil,  81. 
Dalmanites  dentatus,  BarreU,  70. 
Dolomites,  origin  of,  72. 
Eocene  fauna  of  N.  Mexico,  Cope,  297. 
Eozoon,  and  serpentine,  147. 
Eozoon  limestones,  298. 
Erosion,  i>ana,  192. 
G.  K.  Gilbert,  88. 
by  spray,  Andrews,  304. 
Glacial  era,  68. 

flood,  Dana,  64,  126. 
in  Great  Britain,  65. 
Permian  or  Triassic,  67. 
striffi,  218. 
Graptolites,  69. 
Greenstones     of    New     Hampshire, 

Hawea,  129,  395. 
Hungary,  eruptive  rocks  of,  69. 
Huronian  of  Canada,  Sehiyyn,  461. 
south  of  Lake   Superior,  Brooks, 
194. 
Mammals,  Tertiary,  Marsh,  401. 
Man  and  manmialia  in  Robin-Hood 

Cave,  223. 
Man  in  Lower  Pliocene,  147. 
Marbles,  Carrara,  147. 
Mascarene  of  New  Brunswick,  218. 
Mesozoic  red  shales,  fishes  of,  223. 
Metadiabase,  see  Greenstones. 
Mexico,  the  iluasteca,  Kimball,  277. 
Mountain  making,  iHUtan,  142. 
Mountain  structure,  Powell,  414. 
New  Haven,  drift  deposits,  Dana,  125. 
New  York,  Southern,  Ball,  300. 
Oldhamia  in  Wisconsin,  226. 
Primordial  of  S(»ndinavia,  64. 

of  Rocky  Mts.,  62. 
Pterodactyls,  Marsh,  479. 
Rivers,  detritus  of,  462. 
Schistosity,  experiments  on,  148. 
Serpentine  and  Eozoon,  147. 
Serpentine  limestones  of  N.  York,  298. 
Silurian  dioryte,  etc.,  in  Newfound- 
land, 225. 
Spitzbergen,  66. 

Theriodonts,  Permian,  Owen,  224. 
Vertebrates  of  New  Mexican  Eocene, 

Cope,  297. 
Volcanic  phenomena  of  the  Alps,  69. 
Gilbert,  G.  K.,  Colorado  Plateau,  16,  86. 
Glaciers,  streams  beneath,  396. 

see  further  under  Geology. 
Glycerine  crystallized,  293. 
Goode,  G.  B.,  Fishes  of  Bermudas,  239. 
Gray,  A.,  botanical  notices.  73,  153,  232, 
397,  467. 
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Chray^  A^  heteromorphim  in  Epigaea,  74. 

ooloratioa  and  eQTironmeiit,  467. 

flowers  in  ScirpuB,  467. 

Darwiniana,  noticed,  235. 
Green,  A.  H.,  Physical  Qeologj,  71. 
Orfmaux^  synthesis  of  allantoin,  215. 
OrinneU^  O.  B.^  new  crinoid,  81. 
OroU^  A.  /?.,  note  on  Menopoma,  313, 
472. 

zoological  notice,  167. 
OToiria%  viscosity  of  salt-solutions,  140. 
ChtOiHe,  freezing  colloids,  294. 


Hail^  /.,  serpentine  limestones,  298. 

geology  of  southern  New  York,  300. 
Hanke,  H.  (?.,  durangite,  274. 
Harrington,  B.  J.,  analyses  of  minerals, 

218. 
Haughton,  Lavas  of  Vesuvius,  227. 
Hartt,  0.  F.,  geologitsl  discoveries,  464. 
HaufeSf    O.    Wl,    greenstones   of   New 

Hampshire,  129,  395. 
Ilayden,  publications  of  Expedition  un- 
der, 71,  145,  157,  219,  234. 
Heat,  mechanical  equivalent  of,  455. 
Heights  of  Lake  Winnipeg  and  others, 

218 
HelmholU,  electric  convection,  390. 
Uessey  alkaloid  aridne,  139. 
Hicks,  W.  if.,  friction  of  ether,  217. 
Hillebrand  and  Norton,  metallic  cerium, 

lanthanum,  didymium,  53. 
Hilly  //.  B.,  ethers  of  uric  acid,  428. 
HlaMwttM  and  Habermann,  gentisin,  53. 
Ho/meister,   carbonic    acid    in    animal 

fluids,  :i88. 
Hooker,  J.  D.,  Flora  of  India,  397. 
HouBton,    K.  J.,    Physical    Geography, 

U>3. 
Howf,  A.  S.,  gmelinite  in  Nova  Scotia, 

270. 
Huxley  and  Martin,  Biology,  472. 
Huxley  in  New  York,  399. 
Hyatt,  J.,  periodicity  in  vegetation,  398. 
Hydrt)gon  iintimonide  or  stibine,  213. 
Hydn)gcn,  evolution  of,  51. 


Indian  moundt^  papers  on,  320. 
Isimu'rism,  physical,  214. 


Jmwhr-N  .^ound  and  radiometer,  389. 
•/(Wy,  iN>hHubium  and  tantalum,  213. 
•Aitirvt.  hvdn^gt'u  antimonide  or  stibine, 

Jonl:ui,   IV  8.,  Manual  of  Vertebrates. 

U.illno.'muo's  lohtltyoUtgia,  158. 
Joulf^  oquiN-alout  of  heat«  465. 


Kansas  Academy,  Transactionfl,  163. 

Kidder,  J.  H.,  Natural  History  of  Ker- 
guelen  I&,  72,  239. 

Kimbailj  A.  8..  changes  ip  steel  by  tam- 
pering, 110 

KimbaQ,  J.  P.,  grahamite  in  and  gwdogr 
of  the  Huasteca,  277. 

Kcehler,  A.,  Practical  Botany,  234. 

Kollmyer,  A.  H.,  Key  to  Chemistry,  464. 

Konig.  /?.,  sounding  of  two  notes,  141. 

Knight,  C,  streams  beneath  glacieni  396. 

Kundi  specific  heat  of  gases,  2(17. 
friction  of  gases,  390. 


Lactic  acid  from  inosite,  294. 

Lanthanum,  metallic,  63. 

Lartet,  Reliquis  Aquitanice.  70. 

Lavas  of  Vesuvios,  227. 

Laubenheimer,  physical  isomerism,  214. 

Lea,  I.,  inclusions  in  gems,  151. 

Lea,  M.  C,  Vogers  color  theory,  48. 

LeOonte^  J.  L.,  Address,  314. 

Leidy,  J.,  fossils  from  Ashley  beds,  222. 
fishes  of  MesoEoic  red  shales,  223. 

Leonhard,  G.,  minerals  of  Baden,  230. 

Lesley,  J.  P.,  Geological  Report,  63. 

Lesquereux,  marine  plants  from  coal- 
measures,  221. 

Lightning,  protection  from,  457. 

Liquids,  analysis  of  mixed,  139. 

LoomiSy  E.y  contributions  to  meteorology, 
1. 

Loven,  S.,  Echinoid^  239. 

Lyman,  T.,  Ophiurid»,  158. 


Macomb,  J.  N.,  explorations  under,  220. 
Magnetic  induction,  296. 
Magnifying  glass,  new,  57. 
McMard,  explosion  of  fire-damp,  296. 
Mallet's  theory  of  volcanic  energy,  463. 
Malt  extract,  action  on  starch,  388. 
:  Man  in  Lower  Pliocene,  147. 
Man,  origin  and  antiquity  ot  Wtdiace  371. 
Manganese  of  sea-bottom,  265. 
Manometer,  high  pressure,  216. 
Marsh,  0.  o'.,  new  Tertiary  mammals,  40L 

Characters  of  American  Pterodac- 
tyls, 479. 

reoent  discoveries  by,  59. 
Maxwell  Ohm's  Uw,  465. 

protection  from  lightning,  457. 
Mayer,  A,  M.,  researches  in  acoustics,  329. 
Mazwrawsha,  ethyl  sulphate,  50. 
McCoy,  Paleontology  of  Victoria,  149. 
McCuUodi,  R.  a,  Theory  of  Heat,  241. 
Meekam,  insects  and  fertilizatioo,  397. 
Meek,  F.  B.,  Geological  Report,  146,  221. 
MercadUr,  Lissajous'  curves,  466. 
Metadiabaae,  Hawm,  396. 
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Meteoric  iron^  Pittsburg,  72. 

SmiiK  107. 
Meteoric  stone,  new,  Smith,  20*1. 
Meteorite,  fall  of,  Parker^  316. 

from  North  Carolina,  BurUmj  439. 
Meteorites,  gases  in,  166. 
Meteorology,  contributions  to,  Loamis^  1. 
Meteors,  November,  1876,  473. 
Meyer,  X.,  evolution  of  hydrogen,  51. 
Meyer^  K,  vapor-density,  453. 
Miers,  J.,  Barringtoniaoese,  469. 
Mineralogy,  Journal  of,  152. 
Minerals,  etc. — 

Analcite  not  isometric,  151. 

Aragonite  on  meteoric  iron.  Smith,  1 07. 

Galcite,  quartz  and,  R  S.  Dana,  448. 

Galoozincite,  231. 

Ohondrodite,  229. 

Guprocaldte,  396. 

Daubr^lite,  Smithy  109. 

Daubreite,  396. 

Dolomite,  72. 

Durangite,  Hanks,  274. 

Euchlorite,  231. 

Franklinite  and  spinel  group,  Seyma^ 
210. 

Friedelite,  151. 

Gmelinite  in  Nova  Scotia,  Howe,  270. 

Grahamite,  KirribaU,  277. 

Huantajayite,  396. 

Humite,  229. 

Ihleite,  151. 

Keatingine,  231. 

Kronkite,  396. 

Malinowskite,  397. 

Mottramite,  466. 

Onyx,  Mexican,  466. 

Pelhamite,  231. 

Phillipite,  396. 

Psittacinite,  Gmth^  35. 

Quartz  and  caldte,  E.  S.  Dana,  448. 

Boscoelite,     Blake,    Oenth,     31,    32; 
Roaeoe,  466. 

Tripoli,  Oarboniferous,in  Indiana,  307. 

Yanuzemite,  231. 

Werthemanite,  396. 
of  Bourbonne-les-bains,  150. 
Minnesota  Academy,  Bulletin,  478. 
Milller,  F.  de,  Phytographis  Austratise, 

156. 
Murray,  J.,  sea-bottom,  255. 
Museum,  National,  Bulletin,  71, 158,  239. 
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Naphthalene,  138. 

Natural  selection,  mimicry,  311. 

Wallace,  354. 
Newberry,  J.  S.,  Geological  Report,  220. 
Newton,  A.,  extirpation  of  species,  473. 
Newton,  H,  A.,  astronomical  notice,  472. 
New  York,  geographical  survey  o^  162. 
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Nipher,  F.  R,  probability  of  error  in 

writing  numbers,  79. 
Nitrates,  Schcenbein's  test  for,iSfe>rer,176. 
Nitrogen,  absorption  o^  292. 

in  potable  waters,  292. 

measuring  tube,  452. 

0 

Obermayer,  viscosity  of  gases,  140. 

Obituaey — 
Argelander,  F.  W.  A.,  113. 
Angelin,  80. 
Billings,  E.,  80. 
Davies,  Charles,  320. 
Deville,  Charles  Sainte-Claire,  478. 
Ehrenberg,  244. 
Newman,  Edward,  244 
McCheeney,  244. 
Poinier,  Porter,  164. 
Snell,  Ebenezer,  320. 

Ocean,  depth  between  Britain  and  Green- 
land, 65. 

bottom  deposits  of,  Challenger  Ex- 
pedition, 255. 

Oceanic  circulation.  Carpenter,  159. 

Ohm's  law,  455. 

Orton,  J.,  Comparative  Zoology,  237. 

Ost,  synthesis  of  polybasic  acids,  294. 

OfSuUivan,  malt  extract  on  starch,  388. 

Owen,  R.,  Permian  Theriodonts,  224. 

Ozone,  formation  o^  212. 

P 

Packard,  A.  S.,  G^metrid  Moths,  157. 
Parker,  J.  D.,  fall  of  meteorite,  316. 
Parkhurst,  H.  M.,  Astronomical  tables,79. 
Pendulum,  compensating,  Smith,  106. 
Peters,  C,  H.  F.,  new  variables  and  new 

planet,  210. 
latest  planets,  291. 
Petersson  and  Ekinann,  atomic    weight 

of  selenium,  451. 
PfaundUr,  fusion  of  soft  bodies,  390. 
Phosphate,   reaction  of  sulphuric  acid 

upon  tri-calcic,  Armsby,  46. 
Phosphoric  acid,  glycero-,  from  brain, 453. 
Pickering,  C,  Distribution  of  Plants  and 

Animals,  320. 
Pickering,  E.  C,  physical  abstracts,  56, 

139,  215,  294,  388,  455. 
Physical  Manipulation,  noticed,  240. 
Planet,  new,  Peters,  210. 
latest,  Peters,  291. 
intra-Mercurial,  472. 
Polarization  currents,  296. 
Porter,  J,  Tr.,01dhamia  in  Wisconsin,  226. 
Poughkeepsie  Soc.  Nat.  Sci.,  Proc.,  163. 
Powell,  J.  W.,  orographic  structure,  414. 

Geology  of  Uinta  Mts.,  305. 
Probability  of  error  in  writing  numbers, 

Nipher,  79. 
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Putnam,  F.  W.,  Arcduoological  Report, 
243. 

B 

Radiometer,  Crookes',  Bood,  405. 

e£Fect  of  sound  on,  389. 
Refraction,  law  of,  66. 
Richardson,  R.,  Ice  Age,  66. 
Rio  de  Janeiro,  Archivos  do  Museu,  239. 
Bocktoood,  C.  O.^  Jr.,  recent  earthquakes 

25. 
Rominger,  0.,  Fossil  Corals,  461. 
Rood,  0.  K,  Crookes'  radiometer,  405. 
Rooa,  Van  H..  crystallized  glycerin,  293. 
Rowland,  H.  A.,  electromagnetic   action 

of  electric  convection,  390. 
Ratherfurd^    X.    il/.,    glass    circles    for 

measuring  angles,  112. 

8 

Sadebeck,  A.,  Cr3rstallograph7,  152. 

Salt  solutions,  viscosity  of,  140. 

Sargent,  C.  S.,  tree-planting,  73. 

Saussure,  H.  de,  American  Wasps,  158. 

Schiller,  polarization  currents,  296. 

Schunk  and  Roemer,  anthraflavic  and  iso- 
anthraflavic  adds,  51. 

SchQtzenberger,  P.,  fermentation,  65. 

Scudder,  mimicry  in  butterflies,  311. 

Sea,  see  Ooban. 

Selenium,  atomic  weight  of.  451. 

Sehoyn,  Huronian  of  Canada,  461. 
Gkiological  Report,  noticed,  218. 

Serrin,  new  electro-magnet,  67. 

Seyms,    G.   H.,  franklinite    and  spinel 
group,  210. 

Skepard,  C.  U.,  new  minerals,  231. 

Schrauf,  new  minerals,  151. 

Siemens,  analysis  of  mixed  liquids,  139. 

Siemens,  W,,  velocity  of  electricity,  295. 

Simpson,  J.  H.,  explorations  under,  221. 

Smith,  J.L.,  compensating  pendulum,  106. 
aragonite  and    new   mineral  with 
meteoric  iron,  107. 
new  meteoric  stone,  207. 

Smith,  W.,  benzene  in  rosin  oil,  386. 

Solar,  see  Sun. 

Sandhauss,  liquid  films,  66. 

Sounding  of  two  notes,  simultaneous,  141. 

Species,  extirpation  of,  473. 

^ice,  R,  sympathetic  resonance  of  tun- 
ing forks,  411. 

SpoiUswoode,  W.,  electro-magnetic  rota- 
tions, 58. 

Stars,  catalogue  of  double.  Bamham,  204. 

Steel,  changes  in,  Kimball,  110. 

Stibine,  or  hydrogen  antimonide,  213. 

Storer,  F,  A,  Schcenbein's  test  for  ni- 
trates, 176. 

Sulphouaphthalide,  51. 

Sun,  displacement  of  lines  in  spectrum 

of,  Toung,  321. 
Sutton,  F.,  Yolumetrlc  AxialLy^u^  4]b4. 


Thomson,  W.,  British  Association  Ad- 
dress, 336. 

TTiudieum  and  Kengzett,  glycero-phos- 
phoric  add  from  brain,  453. 

Tuning  forks,  sympathetic  resonance  of, 
SIpiee,  411. 

Tyndall,  J ,  Sound,  459. 


Uric  add,  ethers  of,  428. 


Vapor-density,  453. 

Variables,  new,  Peiers.210. 

Vasey,  Q.,  Catalogue  of  trees,  469. 

Ventilation,  theory  of,  241. 

Verrill,  A.  E.,  gigantic  cephalopoda,  236. 

zoological  notices,  237,  315. 
Vohl,  lactic  acid  from  inosite,  294. 
Volcanic  dust,  shower  of,  147. 
Volcanic  energy,  463. 

w 

Wallace,  A.  R.,  British  Assodation  Ad- 
drees,  354,  400,  467. 

Waters,  nitrogen  in  potable,  292. 

Waves  on  Lake  Geneva,  216. 

Wheeler,  Q.  M.,  G^log^cal  Report  of 
Expedition  undor,  61. 

Wiedemann,  friction  of  gases,  388. 

Wilder,  brain  of  sharks  and  skates,  103. 

Wilson,  P.  B..  diatoms  m  straw,  232, 400. 

Winchell  and  Harrington,  Groological 
Report,  149. 

Wreden,  naphthalene,  138. 

Wright,  A.  W.,  gases  in  meteorites,  165. 
book  notices,  240. 

Wroblewshy,  benzene  derivatives,  387. 

W3mne,  Indian  Greology,  462. 


TouTig,  C.  A.,  displacement  of  lines  in 
solar  spectrum,  321. 

z 

Zoology— 
Brain  of  sharks  and  skates,  Wilder,  103. 
Butterflies,  mimicry  in,  Scudder,  311. 
Cephalization,  connection  of  with  ani- 
mal development,  Dana,  24  5. 
Cephalopods,  gigantic,  236. 
Corals,  tabulate,  158. 
Entomological  Address,  LeConte,  314. 
Environment,  Wallace,  357,  400.  467. 
Evolution,  theory  of,  Gope,  309. 
Kerguelen  Island,  239. 
Locust  invasion  of  1874,  156. 
Menopoma,  notes  on,  Grote,  313,  472. 
Ornithological  Club,  Bulletin,  79.  472. 
Spedes,  extirpation  of,  473. 
See  further  under  Geoloot. 
^  ZHUoouMfeVx  nitrogen-measuring  tube,  452. 
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